Luo et al. Archives of Public Health (2024) 82:229 Arc h ives Of PU b | ic Hea |th
https://doi.org/10.1186/513690-024-01441-y

. . ®
The effectiveness of multicomponent GEE
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Abstract

Background Cognitive frailty, intimately tied to adverse outcomes such as falls, early mortality, and hospitalization,
represents a dynamic, reversible process. Multicomponent exercise has emerged as one of the most potent means
of mitigating cognitive frailty.

Aims This research seeks to quantitively amalgamate the effects of multicomponent exercise on various domains:
cognitive function, frailty status, and other health-related outcomes in cognitively frail older adults.

Methods Our methodology entailed a comprehensive review of literature in databases including PubMed, EMbase,
CINAHL, Cochrane Library, Web of Science, Wanfang, Sinomed, VIP, and CNKI from the inception of these databases
to December 10, 2023. For our statistical analysis, we utilized RevMan 5.3, Stata 17.0 and R 4.3.2 software. Adherence
was maintained to the PRISMA checklist, with the study being registered with PROSPERO (CRD42024499808).

Results Our review encapsulated a total of 2,222 participants and 11 trials. The findings intimate that multicom-
ponent exercise enhances cognitive function [MD=2.52, p=0.03]), grip strength[SMD=0.39, p=0.008] and lower
limb muscle strength[MD=4.30, p <0.001], while alleviating frailty[MD=-2.21, p < 0.001] and depression [MD=-1.20,
p=0.001]. However, cogent evidence is still lacking to endorse the positive effects of multicomponent exercises

on both ADL(p=0.19) and quality of life(p=0.16). Subgroup analyses revealed beneficial effects on cognitive frailty
for multicomponent exercise whose type of exercise consisted of aerobic, the duration of which exceeded 120 min
per week, and whose form of exercise was group exercise.

Conclusion Multicomponent exercises offer significant improvements in cognitive function, muscle strength,
and have the added benefit of reducing frailty and depression in older adults. However, these exercises do not appear
to influence activities of daily living and quality of life positively.
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Text box 1. Contributions to the literature

+ Multicomponent exercise improves cognitive function, grip strength,
and lower limb muscle strength, while reducing frailty and depression
in cognitively frail older adults.

« Group-based multicomponent exercise that includes aerobic compo-
nents and exceeds 120 min per week shows enhanced benefits for this
population.

« Further research is needed to confirm the effects of multicomponent
exercise on activities of daily living (ADL) and quality of life for cognitively
frail older adults.

Introduction
Cognitive frailty (CF) is a heterogeneous clinical phe-
nomenon first proposed by the International Society
of Nutrition and Aging (IANA) and the International
Association of Gerontology and Geriatrics (IAGG) [1].
It is characterized by the concurrent presence of both
physical frailty and cognitive impairment (CDR=0.5)
[2]. According to a meta-analysis of 24 studies conducted
by Qiu et al. [3], the overall prevalence rate of CF is 9%.
Notably, the prevalence rate increased by 5% between
2018 and 2020 compared to 2012-2015 [3], highlight-
ing CF as a significant public health concern in the aging
global population. Additionally, CF is associated with an
increased incidence of adverse outcomes. Numerous sys-
tematic reviews and meta-analyses have shown that older
adults with CF are 2.22, 3.02, 2.06, and 2.01 times more
likely to experience disability [4], falls [5], depression
[6], and death [7], respectively, compared to older adults
without CF. Furthermore, older adults with CF exhibit
a higher susceptibility to dementia than those with only
physical frailty or mild cognitive impairment (MCI) [8].
Despite the high incidence of adverse outcomes in
elderly individuals with CE, it is a dynamic and revers-
ible condition [9]. Early detection and timely interven-
tion can reduce the incidence or severity of CF [10].
Exercise intervention has been proven to be one of the
most effective methods for improving the functional
status of elderly individuals with cognitive frailty [11].
Multicomponent exercise (ME) refers to a structured
physical activity program that incorporates various
types of exercise modalities aimed at improving multiple
aspects of physical fitness and functional capacity [12]. It
has been widely used to enhance physical function and
other aspects of health in the elderly. Evidence suggests
that ME may offer superior benefits compared to single-
type exercise regimens. For instance, a meta-analysis
indicated that ME was more effective than resistance or
aerobic training alone in improving cognitive function in
Alzheimer’s patients [13]. Another meta-analysis demon-
strated that ME improved muscle strength, endurance,
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and balance in frail older adults [14]. However, while
these studies showed that ME improved the physical and
mental state of patients with either cognitive impairment
or physical frailty, they did not specifically focus on indi-
viduals with CF, who are at a higher risk of adverse out-
comes such as dementia and even death. Furthermore,
these studies did not address the heterogeneity of clinical
trials or possible publication bias. In short, the effects of
multicomponent exercise on cognitively frail older adults
are currently unknown.

Given this context, the aim of the present study is to
systematically review and meta-analyze randomized con-
trolled trials (RCTs) and non-RCTs of ME in cognitively
frail older adults. This study seeks to clarify the effects of
ME on cognitive function, frailty status, muscle strength,
activities of daily living (ADL), depression, and overall
quality of life. Additionally, it aims to provide practical
recommendations for community medical personnel on
guiding elderly individuals in exercise, thereby reducing
the impact or incidence of cognitive frailty and promot-
ing healthy aging. Subgroup analyses will be conducted to
demonstrate the influence of different exercise volumes,
intensities, and other training variables on outcomes in
elderly individuals with CF.

Methods

Protocol and registration

Our study was performed following the PRISMA (Pre-
ferred Reporting Items for the Systematic Reviews and
Meta-analyses) network statement [15] (Supplementary
PRISMA 2020 Checklist). The protocol for this study was
registered in the International Prospective Register of
Systematic Reviews (PROSPERO). The registration num-
ber is CRD42024499808.

Search strategy

A comprehensive systematic literature review was per-
formed using several databases, including PubMed,
Excerpta Medica, Cumulative Index to Nursing and
Allied Health Literature, Cochrane Library, Web of Sci-
ence, Wanfang, Sinomed, VIP Database for Chinese
Technical Periodicals, and CNKI. The review covered
studies published from the inception of these databases
to December 10, 2023. Using PubMed as an example,
this study developed a search strategy based on the PICO
framework, which includes four groups of keywords: P
(elderly with cognitive frailty), I (exercise), C (unlimited),
and O (unlimited). The keywords used are as follows:
aged (including aged, elder?, old, senior*, geriatric*, older,
aging), frailty (including frailty syndrome, pre-frail*,
frail*), cognitive impairment (including cognitive frailty,
cognitive impairment, cognitive decline), and exercise
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(including exercis*, sport*, movement intervention,
motor intervention, movement therapy, physical exer-
cise, training). Additionally, the reference lists of studies
retrieved from the databases were manually scrutinized
for comprehensiveness. Gray literature was further
explored through PROQUEST Thesis & Dissertations
on the same day. The full search strategy is delineated in
Supplementary Table S1.

Inclusion and exclusion criteria
The systematic review embraced studies published in
either English or Chinese that met the following criteria:

(1) Population (P): The study participants were older
adults, aged 65 years and above, identified with cog-
nitive frailty.

(2) Intervention (I): The intervention involved was
multicomponent exercise, which is a structured
physical activity program encompassing at least two
components from aerobic, strength/resistance, bal-
ance, or flexibility exercises.

(3) Control (C): Any control was deemed acceptable,
except those incorporating a physical activity com-
ponent.

(4) Outcome (O): The study outcomes included at least
one of the following: cognitive function, frailty sta-
tus, grip strength, lower limb muscle strength, daily
living activities, depression, and health-related
quality of life.

(5) Study Design (S): The studies were either rand-
omized controlled trials (RCTs) or non-RCTs.

Study selection

All citations retrieved from the databases were compiled
in Endnote X9. Following the removal of duplicates, two
researchers(LH and ZZ) independently screened the
titles and abstracts based on the defined inclusion crite-
ria. The process involved careful examination of full texts
for potential inclusion, sealing the selection of studies for
the review. Any doubts or discrepancies arising during
the selection process were resolved through discussion
with a third author(HH).

Data extraction

Two authors(LH and ZZ) independently extracted data
using Microsoft Excel, with any disagreements settled
through discourse with a third author. The extracted
data encompassed various aspects, including the study’s
authors, publication year, country of origin, design of the
study, characteristics of participants, sample size, mean
age, details of the exercise intervention, control inter-
vention, point of assessment, and outcome measures in
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relation to cognition, physical functioning, ADL, and
depression.

For each chosen outcome, the mean and standard devi-
ation of the pertinent metrics were extracted from all
available data sets. In cases where the studies delivered
medians and interquartile ranges, an initial assessment
was conducted to detect significant skewness. If none
was found, these values were transformed to means and
standard deviations as per previously reported methods.
Standard errors and 95% confidence interval were con-
verted to meanzstandard deviation using the Revman
5.3 software calculator.

Risk of bias assessment

Risk of bias for RCTs and non-RCTs was evaluated
independently by two evaluators(LH and ZZ) using the
Cochrane Risk of Bias tool [16] and the Risk of Bias in
Non-Randomized Studies (ROBINS-I) tool [17], respec-
tively. According to the Cochrane Handbook for the Eval-
uation of Intervention Systems, RCTs are assessed across
seven key dimensions of bias including allocation con-
cealment, incomplete data reporting, blinding, selective
reporting, and other ancillary biases. The ROBINS-I tool
presents seven domains for bias evaluation: confounding
bias, selection bias in participant recruitment, interven-
tion classification bias, bias from intended interventions,
bias due to missing data, bias in outcome measures, and
bias in selecting reported outcomes. Any arising disa-
greements were settled through a consultative process
involving a third researcher(HH).

Statistical analysis

The meta-analysis was conducted using Review Man-
ager Version 5.3, Stata 17 and R 4.3.2. Means and 95%
Confidence Intervals (CI) were computed to establish
the pooled effect size for continuous data. For outcomes
measured with distinct tools, the Standardized Mean Dif-
ference (SMD) with a 95% CI was employed to express
the pooled effect size. Following guidelines from the
Cochrane Handbook, the SMD is equivalent to the effect
size. It’s further categorized as mild (<0.2), small (0.20 to
0.49), moderate (0.50 to 0.79), or large (>0.80) [18]. Het-
erogeneity was examined using the I? statistic. If I* was
greater than 50%, indicating significant heterogeneity,
a random-effects model was implemented; otherwise, a
fixed-effects model was utilized. Subgroup analyses were
controlled for intervention characteristics such as the
inclusion of aerobic exercise, weekly exercise duration
(<120 min or > 120 min), and the form of exercise (group
or individual). We also used Stata 17 for meta-regression.
Sensitivity analyses were also performed by sequentially
excluding each included study to re-compute the pooled
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effects of the remaining studies. The potential for publi-
cation bias was evaluated using Egger’s test [19].

Results

Study selection

The search resulted in a total of 2,743 articles, as depicted
in Fig. 1. Following the removal of duplicates, the remain-
ing 1,782 articles underwent title and abstract screening.
A meticulous review of the full text of 71 articles culmi-
nated in the inclusion of 11 articles, nine of which were
found suitable for meta-analysis.

Characteristics of included studies

This review comprises seven RCTs [20-26] and four non-
RCTs [27-30] published between the years of 2007 and
2023. A collective total of 2,222 subjects participated in
these studies, with the average age of subjects ranging
from 72.09 to 86.9 years. The studies were distributed
internationally with six conducted in China [20, 25-28,
30], two in Spain [21, 24], and one each in the United
States [23], Austria [22], and Singapore [29]. Five stud-
ies prominently targeted older adults residing in nursing
homes, four recruited community-living older adults,
and two focused on older adults in hospital settings. The
follow-up durations in the included studies varied from
8 weeks to 6 months. Comprehensive details are docu-
mented in Table 1.
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Characteristics of the interventions

The intervention groups’ exercise regimens primarily
consisted of strength/resistance and balance training.
Endurance/aerobic exercises were incorporated in six
studies [23-27, 29], and flexibility exercises were included
in five studies [21, 23-25, 30]. The duration of each inter-
vention ranged from 30 to 70 min, with the most com-
mon frequency being three times per week over a total
duration of 12 weeks. Control interventions typically
comprised usual care, health education about a healthy
diet, sleep, the importance of regular exercise, and its
scientific aspects. Six studies [20-22, 27-29] conducted
the intervention exercises in small groups. Typically, the
intervention intensity was low to moderate, with exercise
intensity gauged using Borg’s scale of self-perceived exer-
tion, HRmax, and heart rate. Detailed characteristics are
available in Table 2.

Risk of bias in included studies

The risk of bias assessment for the included RCTs and
non-RCTs was carried out employing the Cochrane Risk
of Bias tool (RoB) and the ROBINS-I Tools, respectively.
The RoB assessment revealed that selection bias (alloca-
tion concealment), performance bias (blindness of inves-
tigators and participants), and detection bias (blinding
of outcome assessment) were the primary risk sources in
the seven RCTs [20-26]. In the four non-RCTs [27-30],

[ Identification of studies via databases and registers ]

Records(n=2731) identified from databases including:
PubMed(n=299); Web of Science(n=693); Cochrane
Library(n=427); CINAHL(n=10); Embase(n=406);
Proquest(n=131); CNKI(n=242); Wanfang databases (n=315);
Sinomed(n=183) and CSTJ(n=25)

[

Additional recordsidentified from
other sources(n=12)

‘—4 961 of records after duplicates removed

Rest records screened(n = 1782) ‘

Records excluded from title and abstract

reviewing (n=1711)

full-text articles assessed for
eligibility(n=71)

{ Eligibility ] [ Screening } [IdentificationJ

Reports(n=60) excluded:
Study protocol(n =5)

Studies not included related outcomes (n=9)
Participants are not elderly with cognitive frailty (n=19)

Studies included in systematic review and
meta-analysis (n=11)

The intervention not match the inclusion criteria (n=27)

Fig. 1 Flow diagram for searching and selection of the included studies (Up to December 2023)
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the predominant risk sources were confounding and
deviations from intended interventions. Detailed depic-
tions of the bias assessments are provided in Fig. 2.

Effects of ME on cognitive function in older adults with CF
Eight studies [21, 22, 24-26, 28—30] evaluated cognitive
function, with six included in this meta-analysis. The
impact of multicomponent physical activity on over-
all cognition in patients with cognitive frailty yielded
an effect size (ES) of 2.52 [95% CI (1.05, 2.99), p=0.03,
n=521], accompanied by moderate heterogeneity
(I*=59%) and no signs of publication bias (Egger test
p=0.92). Subgroup analysis based on the cognitive
function evaluation tool was conducted, distinguishing
between the Montreal Cognitive Assessment (MOCA)
[24, 25, 28, 29] and the Mini-Mental State Examina-
tion (MMSE) [21, 22] approaches. Results demonstrated
that multicomponent exercise significantly improved
cognitive function as assessed by MOCA [MD=2.50,
95%CI(0.82, 4.18), p=0.007, 12=75%, n=439]. However,
cognitive function evaluated by MMSE did not exhibit
any significant difference [MD =2.63, 95%CI(-2.56, 7.81),
p=0.81, 1*=0%, n=82]. Additionally, two studies [26, 30]
were excluded from the meta-analysis due to their results
exhibiting severely skewed distributions that could not
be translated into MD. Nevertheless, these studies dem-
onstrated that ME significantly improved cognitive
functioning compared to the control group, with the
between-group differences reaching statistical signifi-
cance (p<0.05). For further details, see Fig. 3A.

Effects of ME on frailty in older adults with CF

Among the five studies [25-27, 29, 30] addressing
frailty, two were incorporated into the meta-analysis.
The synthesized effect size indicated that multicompo-
nent exercise significantly impacted frailty [MD=-2.21,
95CI1%(-3.73, -0.69), p <0.001, 1*=97%, n=159]. Accord-
ing to Reshma et al, multicomponent exercise led to
a reduction in frailty prevalence from 4 to 2%, and a
decrease in prefrailty prevalence from 96 to 38%. For
more details, refer to Fig. 3B.

Impact of ME on additional health-related outcomes

in older individuals with CF

Impact of ME on muscle strength in older individuals with CF
Six trials [20, 21, 24—26, 30] reported on muscle strength,
demonstrating that multicomponent exercise signifi-
cantly enhanced muscle strength [SMD=0.59, 95%CI
(0.16,1.02), p=0.007, 12=86%, n="715]. Subgroup analy-
sis demonstrated a significant enhancement in both
upper limb [SMD=0.39, 95%CI (0.10, 0.67), p=0.008,
[=49%, n=416, Egger’s test p=0.69] and lower limb
muscle strength [MD =4.30, 95%ClI (3.43, 5.16), p<0.001,
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’=0%, n=299, Egger’s test p=0.71] (Supplementary
Fig. 1A).

Impact of ME on ADL in Older Individuals with CF

Four studies [21, 22, 24, 26], which used Barthel Index
and ADL scale to measure ADL, were included in this
meta-analysis. Given the high heterogeneity among the
studies (I>=66%), a random effects model was employed
to consolidate the data. The results suggested that ME
did not significantly improve activities of daily living in
older individuals with CF [SMD=0.28, 95%CI(-0.14,
0.69), p=0.19, n=339, Egger’s test p=0.84]( Supplemen-
tary Fig. 1B).

Impact of ME on Depression in Older Individuals with CF

Four studies [20, 22, 24, 26] utilized the GDS-15 meas-
ure for depression. The amalgamated effect size demon-
strated that multicomponent exercise had a statistically

significant impact on depression [MD=-1.20, 95%CI
(-1.92, -0.49), p=0.001; ’=37%, n=346, Egger’s test
p=0.12] (Supplementary Fig. 1C).

Impact of ME on Quality of Life in Older Individuals with CF
Four studies [20, 21, 24, 26] provided data regarding the
impact of ME on the quality of life in older individuals
with cognitive frailty. The consolidated results indicated
that ME did not significantly enhance the quality of life
in older individuals with CF [SMD =0.37, 95% CI(-0.14,
0.87), p=0.16, *=80%, n=368, Egger’s test p=0.79];
these results are depicted in Supplementary Fig. 1D.

Subgroup analysis and sensitive analysis

We implemented subgroup analyses for cognitive func-
tion, ADL, depression, and quality of life to scrutinize
differential effects across subgroups (Table 3). The anal-
yses revealed that multicomponent exercise regimens
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incorporating aerobic exercise fostered superior cogni-
tive function [SMD=0.42, 95%CI1(0.09, 0.75), p=0.01,
>=0%], improved quality of life [MD =8.48 (5.06, 11.91),
p<0.001, I?=0%], and mitigated depression [MD=-1.61,
95%CI(-2.46, -0.76), p<0.001, 1*=10%)]. Furthermore,
interventions involving more than 120 min of exercise
per week were associated with enhanced cognitive func-
tion [SMD=0.66, 95%CI(0.07, 1.26), p=0.03, I*=80%,
improved quality of life [MD =8.48, 95%CI(5.06, 11.91),
p<0.001, I>?=0%], and reduced depression [MD =-0.95,
95%CI (-1.59, -0.32), p=0.003, 1>=0%]. Intriguingly,
exercises conducted in group settings were found to be
more effective than individual home-based exercises,
as evidenced by improvements in cognitive function
[SMD =0.32, 95%CI(0.04, 0.60), p=0.03, I2=8%], depres-
sion [MD =-1.61, 95%CI(-2.46, -0.76), p <0.001, I>=10%),
and quality of life [MD=8.48, 95%CI(5.06, 11.91),
p<0.001, I>=0%).

Additionally, we performed a sensitivity analysis to
assess the consistency of findings across various study
designs. We excluded quasi-experimental studies from
the meta-analysis, which revealed that multi-compo-
nent exercise continues to improve cognitive function
[MD=3.40 (1.47, 5.34), p<0.001, 1>=48%)] (refer to
Fig. 2 in the appendix).

Meta regression

We performed meta-regression on cognitive function,
depression, ADL, and quality of life based on the study
region (China=0, Spain=1, other=2), study design
(RCT=0, quasi-experimental=1), frailty status of the
study population (frailty only=0, both pre-frailty and
frailty=1), outcome measurement tools, intervention
duration (<12 weeks,>12 weeks), intervention form
(individual-based =0, group-based=1), intervention
time (<120 min per week=0,>120 min per week=1),
and intervention type (aerobics-excluding=0, aerobics-
including=1). The results showed that the study region
explained 94.31% of the heterogeneity in cognitive func-
tion (p=0.002), intervention time explained 73.27%
of the heterogeneity in depression (p=0.021), study
region (p=0.007) and measurement tools (p=0.003)
explained 100% of the heterogeneity in ADL, and study
region explained 25.93% of the heterogeneity in quality
of life (p=0.178). For more details, see Supplementary
Table 2-5.

Discussion

To the best of our understanding, the present study rep-
resents the first endeavor to quantitatively integrate the
impact of multicomponent exercise on the physical and
mental facets of functionality within a cohort of cogni-
tively frail older adults. Despite observable heterogeneity
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across most outcomes, our meta-analysis suggests that
multicomponent exercise significantly enhances cog-
nitive functionality, frailty status, grip and lower limb
muscle strength, and alleviates symptoms of depression
among older adults with cognitive frailty. However, the
evidence supporting the effectiveness of multicomponent
exercise on ADL and the quality of life remains insuffi-
cient. Furthermore, our results indicate the disappear-
ance of these beneficial effects when the exercise regimen
does not include aerobic activity, lasts less than 120 min
per week, or is conducted individually at home.

Effect of multicomponent exercise on cognitive frailty

Our systematic review and meta-analysis reveal that ME
improves overall cognitive function and frailty status
among older adults. However, when segregating cogni-
tive function assessments via subgroup analyses, multi-
component exercise did not yield a statistically significant
improvement measured by the MMSE, which contradicts
the conclusions drawn by Yan et al [31]. Statistical power
is influenced by various factors, including sample size
and effect size. In our meta-analysis, only two studies uti-
lized the MMSE scale to measure cognitive functioning,
with sample sizes of 38 for the experimental group and
44 for the control group. The limited number of studies
and small sample sizes may lead to an underestimation of
the true effect of multicomponent exercise on cognitive
functioning as measured by the MMSE scale, increasing
the risk of Type II errors (false negatives). Future studies
should aim to increase sample sizes to improve the statis-
tical power of individual studies. Additionally, perform-
ing a priori power analyses during the study design phase
can help ensure sufficient power to detect significant
effects. The inclusion of more high-quality RCTs with
larger sample sizes would strengthen the evidence base
and provide a more reliable assessment of the effects of
multicomponent exercise.

Exercise reinforces cerebrovascular function via mech-
anisms, including angiogenesis promotion, endothelial
nitric oxide synthase (eNOS) upregulation, and endothe-
lial progenitor cell production [31-33], potentially delay-
ing cognitive decline associated with aging [34]. The
efficacy of multicomponent exercise on frailty is well-
documented [35, 36]. A combination of different training
modalities, emphasizing resistance and aerobic training,
appears to be the preeminent strategy for preserving or
enhancing cognitive function [37]. However, additional
research is warranted to unravel the underlying physi-
ological mechanisms induced by exercise in frail older
adults with MCIL.



Luo et al. Archives of Public Health (2024) 82:229

Impact of multicomponent exercise on muscle strength
Our findings underline the potent effects of ME on mus-
cle strength in older adults with CE. Multicomponent
exercise, generally combining resistance and strength
training, amplifies muscle strength through fostering
muscle growth [38] while minimizing fat infiltration [39,
40]. Notably, multicomponent exercise showed more sig-
nificant improvements in lower limb muscle strength as
opposed to grip strength. This observation might be due
to multicomponent exercise protocols emphasizing lower
limb muscle training while leaving upper limb mus-
cle exercises underrepresented. Hence, in implement-
ing multicomponent exercise interventions, exploring
appropriate duration and intensity of functional upper
limb exercises might help optimize upper limb muscle
strength enhancement in older adults.

Impact of multicomponent exercise on depression

Multicomponent exercise effectively alleviates depres-
sion in older adults with CF. The mechanisms underly-
ing these improvements are complex and involve both
psychological and neurobiological factors. Multicompo-
nent exercise enhances and accelerates the upregulation
of brain-derived neurotrophic factor (BDNF) [41] and
promotes its expression, which is a key component of
catecholamine-enhancing, mood-stabilizing antide-
pressant therapy. Additionally, the aerobic component
of multicomponent exercise can alter monoamine neu-
rotransmitters, increase levels of serotonin (5-HT) and
norepinephrine, decrease cortisol levels, and elevate
B-endorphins, thereby alleviating depressive symptoms
[42, 43]. Furthermore, this exercise promotes posi-
tive changes in brain structure by reducing stress and
inflammation, improving neural network connectivity in
various brain regions, including the default mode net-
work (DMN) [44], and enhancing neuroplasticity. It also
positively affects oxidative stress, salivary cortisol, and
gamma-aminobutyric acid (GABA) [45], thereby improv-
ing neural processing, enhancing mood, reducing depres-
sion, and delaying cognitive deterioration [43, 46].

Impact of multicomponent exercise on ADL and QOL

Our review shows that the differences in ADL and QOL
improvement between the multicomponent exercise
intervention group and the control group were not sta-
tistically significant. Various factors might explain this
unexpected outcome. ADLs encapsulate a broad spec-
trum of daily tasks, including basic activities like eating,
dressing, and bathing, while QOL is a subjective and
multidimensional construct, influenced by an array of
factors beyond physical health. Therefore, the intricate
and diverse nature of these aspects may render a multi-
component exercise program challenged to adequately
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address each specific aspect. Moreover, considering
that the impact of multicomponent exercise on ADLs
and QOL represents a long-term process [47], further
research is needed to elucidate the time-response rela-
tionship of multicomponent exercise interventions on
ADL capability and QOL.

Implications for practice and research

This meta-analysis offers a quantitative synthesis of the
impacts of incorporating ME interventions in the lives of
older adults with cognitive frailty. The evidence obtained
suggests that implementing appropriate ME interven-
tions can serve as an effective strategy in geriatric prac-
tice to stimulate cognitive function, mitigate frailty and
depression, and fortify muscle strength among older
adults with cognitive frailty.

Our subgroup analyses indicate that exercise regimens
incorporating more than 120 min of activity per week
significantly enhance cognitive function, quality of life,
and reduce depression symptoms. This aligns with exist-
ing research, suggesting that higher volumes of exercise
provide more substantial benefits for cognitive and emo-
tional health [48]. Guidelines have shown that a threshold
of at least 150 min per week of moderate-intensity exer-
cise is generally recommended for older adults to achieve
optimal health benefits [49], which is consistent with our
findings. Intensity is another critical factor. Moderate-
to-high intensity exercises, particularly aerobic activities,
are known to effectively boost cognitive function and
alleviate depressive symptoms through mechanisms such
as increased cerebral blood flow, enhanced neuroplas-
ticity, and improved neurochemical profiles, including
elevated levels of BDNF and reduced cortisol levels [50].
Our findings support this, as aerobic components in mul-
ticomponent regimens showed significant improvements
in cognitive and emotional outcomes. Moreover, group-
based exercises demonstrated superior outcomes com-
pared to individual home-based activities. This could be
attributed to the social interaction and motivation pro-
vided in group settings, which enhance adherence and
engagement, thereby amplifying the psychological and
physiological benefits of the exercise. Social support and
interaction inherent in group activities may also directly
contribute to improved mood and reduced depression
through increased socialization and reduced feelings of
isolation [51].

Limitations

Despite offering the latest evidence on the effects of mul-
ticomponent exercise on cognitive function and physical
performance in older adults with cognitive frailty, our
study bears several limitations. Firstly, akin to any review,
we might have overlooked relevant studies despite our
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comprehensive search strategy. Secondly, the language
limitation to English and Chinese may have restricted the
assortment of studies included. Thirdly, due to the scar-
city of high-quality RCTs in this domain, conducting a
meta-analysis with only RCTs is insufficient. Therefore,
we included both RCTs and quasi-experimental studies
in this meta-analysis to more comprehensively synthe-
size evidence and investigate the multifaceted impacts of
multicomponent exercise on cognitively impaired elderly
individuals. However, incorporating non-randomized
controlled trials may introduce a higher risk of bias. To
address this, we used the ROBINS-I tool to thoroughly
assess the quality of non-RCTs. After independent
assessments by two researchers, all included non-RCTs
were deemed to have moderate bias. Additionally, we
performed a sensitivity analysis to assess the consistency
of the findings across diverse study designs. The results
remained robust even after excluding the quasi-experi-
mental studies (see Fig. 2 in the appendix).

Most of our study results exhibited a moderate to
high degree of heterogeneity. This heterogeneity can be
attributed to several factors. Firstly, although all included
interventions were multicomponent exercise programs,
they differed in specific variables such as exercise type,
intensity, and duration. Additionally, follow-up periods
varied significantly, ranging from 8 weeks to 6 months,
contributing to the heterogeneity. Secondly, different
assessment tools were used across studies; for example,
cognitive function was evaluated using either the MoCA
or MMSE scales, and similar variations were observed
for ADL and quality of life measures. Furthermore, the
meta-analysis included studies from various regions, and
meta-regression identified study region as a major source
of heterogeneity. Lastly, there was some variation in the
study populations, with some studies including both frail
and pre-frail older adults, and differing levels of cognitive
impairment, which also contributed to the heterogeneity.

Conclusion

Multicomponent exercise programs, tailored specifically
towards older adults with cognitive frailty, are effica-
cious in enhancing cognitive functionality, vibrant muscle
strength, and reducing indicators of frailty and depression.
Nevertheless, the evidence regarding the positive impact
of such exercises on ADL and quality of life remains sta-
tistically inconclusive. Hence, in the clinical realm, there
lies a necessity for the integration of aerobic exercises into
the intervention repertoire and organizing moderate-to-
high-intensity group exercises for older adults whenever
feasible. To better ascertain the effectiveness of multicom-
ponent exercise programs in this context, future studies
warranted larger sample sizes, extended follow-up peri-
ods, and rigorously structured experimental designs.
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