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Abstract

Background Depression is a prevalent mental health condition among older adults, negatively impacting their quality of life
and overall well-being. Physical exercise has been identified as a potential intervention for improving mental health in this
population. Multicomponent training (MCT), which combines exercises targeting multiple physical capacities, is widely
prescribed to older adults; however, its efficacy in reducing depressive symptoms (DS) remains unclear.

Objectives This systematic review and meta-analysis aimed to evaluate the effects of MCT on DS in older adults, assess the
overall effectiveness of such interventions, and identify methodological and contextual factors that might influence outcomes.
Methods We conducted a systematic search across six databases—PubMed, LILACS, SciELO, Embase, Scopus, and Web
of Science—for clinical trials evaluating MCT interventions in older adults with DS. Included studies used the Geriatric
Depression Scale (GDS) to assess outcomes. MCT was defined as a training program incorporating at least three distinct
physical capacities (e.g., strength, endurance, balance, flexibility). Meta-analyses were performed using a random-effects
model (Hedges’ g), and study quality was assessed using the TESTEX scale.

Results Ten studies (n="781) were included in the systematic review, with five studies (n=305) included in the meta-analysis.
The pooled analysis revealed no significant overall effect of MCT on DS (g =—-0.090; 95% CI=—0.448 to 0.269, p =0.624).
Methodological inconsistencies, lack of load control, and high variability in MCT composition across studies were noted.
The median methodological quality was moderate (median TESTEX score=7, IQR 7-8). Recent literature has emphasized
the importance of protocol specificity and suggested that current MCT designs may not effectively address mental health
outcomes.

Conclusion MCT interventions did not show a significant effect on reducing DS in older adults. Given its frequent prescrip-
tion in geriatric care, these findings challenge current assumptions about MCT’s mental health benefits. This message is
crucial for clinicians and researchers, as small variations in protocol design may hinder consistency in outcomes. Further
high-quality trials are needed to clarify MCT's potential role in mental health management among older adults.

Keywords Aged, Depressive disorder - Exercise therapy - Physical fitness - Motor activity - Physical functional
performance

Introduction

The World Health Organization (WHO) estimates that
depression affects about 300 million people worldwide and
is the biggest cause of disability [1]. In addition, according
to WHO, 7% of the world's older population suffers from

Extended author information available on the last page of the article

clinically significant depressive symptoms (DS); however,
this number is probably understated because to stigma and
underdiagnosis [2]. Older adults face unique psychosocial
stressors such as bereavement, social isolation, cognitive
decline, and frailty—all of which can exacerbate DS [3].
Moreover, becomes especially critical considering that DS
disproportionately affects older adults, often co-occurring
with other chronic conditions and contributing significantly
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to functional decline, loss of independence, and increased
mortality risk.

In addition to the global impact of depression, the aging
of the world population accentuates the need for innovative
interventions to improve the quality of life of older adults
[4]. Among the several strategies for treating DS, regular
exercise has emerged as a vital non-pharmacologic inter-
vention, serving as an important adjunctive treatment for
individuals with DS [5].While pharmacologic treatments are
widely used, they often come with undesirable side effects
and may be less effective in older adults due to complica-
tions arising from polypharmacy and physiologic vulnerabil-
ity [6, 7]. In this context, non-pharmacologic interventions
like regular exercise are essential for enhancing the well-
being and health to reduce DS in older individuals [8, 9].

Although the exact mechanisms by which exercise posi-
tively influences mental health are not yet fully understood,
several factors are believed to contribute to this relation-
ship [10]. These include increased hippocampal volume,
elevated levels of brain-derived neurotrophic factor (BDNF),
enhanced release of insulin-like growth factor 1 (IGF-1),
reduced oxidative stress, and a decrease in pro-inflammatory
cytokine production [11-13]. These biologic adaptations
may lead to improvements in mood regulation, motivation,
and cognitive function [14], which are commonly impaired
in individuals with DS.

The antidepressant effects of regular exercise are well-
documented in the literature, highlighting its role as a valu-
able non-pharmacologic intervention for managing DS [10,
15]. Exercise has been shown to influence key physiologic
mechanisms, such as increased neurogenesis, improved neu-
rotransmitter regulation, and reduced systemic inflamma-
tion, all of which contribute to enhanced mental health [16,
17]. In addition, psychosocial benefits, including improved
self-esteem, enhanced self-efficacy, and social interaction,
further amplify its positive impact [18, 19]. Together, these
effects can lead to reduced anhedonia, improved energy lev-
els, and greater engagement in daily activities—core behav-
ioral aspects commonly affected by depression [20].

Previous studies have consistently demonstrated that both
aerobic and resistance training (RT) are effective interven-
tions for managing DS in older adults [21]. Aerobic exer-
cise (AE), particularly at moderate to vigorous intensity
(MVI), is supported by a robust body of evidence showing
improvements in mood, cognitive function, sleep quality
and DS [22-26]. RT, in turn, contributes significantly to
mental health by enhancing muscular strength, promoting
autonomy, and improving body image and hormonal bal-
ance, which are closely linked to emotional regulation [27,
28]. Despite their proven effectiveness, these modalities are
often implemented in isolation, potentially limiting their
comprehensive benefits. Customizing these interventions
to meet individual needs is vital to ensure their effectiveness.
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The multicomponent training (MCT) stands out as a
comprehensive approach that combines AT, RT, balance,
and flexibility training into a single program tailored to the
functional and psychosocial needs of older adults [29]. This
holistic method supports autonomy and health maintenance,
directly targeting physical and psychologic dimensions of
aging [30]. The MCT has become one of the most commonly
prescribed exercise regimens for older adults, owing to its
ability to address multiple physical fitness components in a
single intervention [31, 32]. Its effectiveness has been high-
lighted by programs such as Vivifrail, an initiative supported
by the World Health Organization [27], which promotes MCT
as a cornerstone strategy for maintaining and enhancing both
physical and mental health in aging populations [33, 34].

Research has demonstrated MCT’s potential in improving
outcomes such as strength, balance, cognition, and functional
mobility, which are critical for preserving independence and
preventing falls in older adults [29-31]. For instance, studies
have shown that MCT interventions can significantly enhance
functional capacity and reduce frailty risk, offering a holistic
approach to aging health [24, 28].

Although MCT encompasses the most effective elements
of both AT and resistance RT, the literature still lacks con-
sistency regarding its psychologic outcomes [26]. This high-
lights the need to examine whether integrating both modali-
ties into a single organized program results in equivalent—or
better—effects on DS in older persons, taking into account
the most recent studies that compared AT with RT [21, 35].
Since MCT that showed several benefits to the older people
and there is a lot of positive evidence regarding health and
functional capacity, it is plausible to think that MCT can have
a positively impact on DS and mental health by improving
psychologic well-being, cognitive resilience and promoting
social interaction.

Despite the growing body of evidence supporting the ben-
efits of exercise in mental health, the specific effects of MCT
on DS in older adults remain unclear, with existing findings
presenting inconsistencies. Furthermore, given the multifacto-
rial nature of DS in aging, identifying effective, multidimen-
sional interventions is not only relevant, but also urgent. The
primary objective of this work is to evaluate and consolidate
current findings to better understand the effect size of MCT
on DS in this population. Ultimately, the goal is to inform the
design of more effective, targeted interventions and support
the development of integrated care strategies to enhance both
mental health and quality of life in aging populations.

Methods

This study is a systematic review with meta-analysis, con-
ducted in accordance with the PRISMA 2020 guidelines
to ensure transparency and rigor in the reporting process



Sport Sciences for Health (2025) 21:1391-1404

1393

[36]. The PRISMA checklist was followed to systematically
search, select, and analyze relevant studies, providing a thor-
ough and comprehensive overview of the current research
in this area.

Eligibility criteria

The eligibility criteria for this review were developed using
the PICOS framework, a widely recognized tool for structur-
ing systematic reviews and meta-analyses of clinical trials.
This structure represents: P= Population, [ = Intervention,
C = Comparator, O = Outcome, and S = Study Design [37].
The detailed criteria for each component are presented in
Table 1 below, providing a clear outline of the inclusion and
exclusion parameters applied in this review.

Search strategy

The literature search for this review was conducted between
July and September 2023 across six electronic databases:
PubMed (Medline), SciELO, Scopus, Embase, LILACS,
and Web of Science. Only articles published in English,
Portuguese, and Spanish were considered. A comprehen-
sive search strategy was employed, using a combination of
keywords and Boolean operators to maximize the retrieval of
relevant studies. The primary keywords included: “elderly”

Table 1 PICOS criteria for study eligibility

9 <

or “older adults,” “multicomponent exercise” or “multi-
component exercise training” or “multicomponent exercise
program,” and “depressive symptoms.” These keywords
were combined using the Boolean operators OR and AND
to ensure a thorough search of relevant literature. Detailed
search strategies for each specific database are provided in
Table 2.

Selection and data collection process

Data extraction was conducted manually and independently
by two reviewers (A.F.C. and A.L.R.D.) to ensure accuracy
and consistency. In cases of disagreement, a third reviewer
(S.V.R.) was consulted to resolve any discrepancies. Mende-
ley reference management software was used to identify and
exclude duplicate studies, streamlining the selection process.

Initially, eligible articles were screened based on titles
and abstracts. Full-text articles were then reviewed to
confirm their suitability for inclusion. The data extraction
focused on key variables such as: author, year of publication,
country of study, and a detailed description of the inter-
vention (including exercise session organization, intensity,
weekly frequency, duration per session, load control, rest
intervals, number of exercises, sets, repetitions, types of
exercises, total duration in weeks, and session supervision).
In addition, information on participant characteristics (age

PICOS Criteria

Population  Studies involving individuals aged 60 years or older, regardless of sex, without a prior diagnosis of depression or other conditions
that could significantly affect outcomes, such as chronic pain, cancer, dementia, or Alzheimer’s disease

Intervention Intervention studies that utilized MCT and incorporating at least three distinct physical capacities (e.g., resistance and muscle
strength, balance, walkability, and others). Studies involving interventions with any form of supplementation were excluded

Comparator  Included either no physical activity (inactive control group) or any other type of physical intervention implemented (active control
group)

Outcome The primary outcome was DS, measured using the Geriatric Depression Scale

Study design Included were original articles from clinical trials and community trials, both controlled and uncontrolled, randomized and non-

randomized

Table 2 Search terms and descriptors used in the systematic review

Data Bases Combinations of descriptors/terms

PubMed (elderly) OR (older adults)) AND (multicomponent exercise)) OR (multicomponent exercise training)) OR (multicomponent
exercise program)) AND (depressive symptoms)

Scopus (‘elderly’/exp OR elderly OR ‘older adults’/exp OR ‘older adults’) AND ‘multicomponent exercise’ OR ‘multicomponent
exercise training” OR ‘multicomponent exercise program’) AND (‘depressive symptoms’/exp OR ‘depressive symptoms’)

Embase (elderly OR ‘older adults’) AND ‘multicomponent exercise’ OR ‘multicomponent exercise training’” OR ‘multicomponent
exercise program’) AND ‘depressive symptoms’

Web of Science  (ALL =(elderly) OR ALL = (older adults)) AND ALL = (multicomponent exercise)) OR ALL = (multicomponent exercise
training)) OR ALL = (multicomponent exercise program)) AND ALL =(depressive symptoms)

LILACS (elderly) OR (older adults) AND (exercise) AND (depressive symptoms)

SciELO (idosos) AND (exercicio) AND (sintomas depressivos)
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and sex), assessment instruments used, outcomes evaluated,
and key results were also collected.

Data from the included studies were recorded in a struc-
tured spreadsheet, based on the predefined eligibility criteria
and specified variables [38]. This process was conducted
independently by two reviewers (A.F. C.and A.L.R. D.) to
guarantee the precision of the extracted data. Any disagree-
ments were addressed through a consensus meeting, involv-
ing all researchers to reach a final agreement.

Risk of bias and study quality

The quality of the included studies was assessed using the
new Tool for the Assessment of Study Quality and Report-
ing in Exercise (TESTEX) scale [39], which is specifically
designed to evaluate the reliability of studies involving phys-
ical exercise interventions. The TESTEX scale consists of
two domains: 1) Study Quality (5 points) and 2) reporting
quality (10 points), with a maximum total score of 15 points.

The TESTEX scale emphasizes criteria relevant to
physical exercise research, focusing on key aspects of study
design, exercise quality, and reporting accuracy while
excluding irrelevant factors [40]. Each criterion is scored
as 1 point for evidence of adherence and O points for lack
of evidence (see Appendix A) [39]. This approach ensures
a more accurate and comprehensive evaluation of both
the methodological rigor and reporting quality in exercise
research [40-42].

Data synthesis

Meta-analyses were performed using the random-effects
model, which accounts for the expected heterogeneity among
studies. Only studies with control groups were included in
the meta-analysis. The standardized mean difference (SMD)
of Hedge, along with a 95% confidence interval (CI) and pre-
cise p values, was calculated for pre- and post-test data from
individual studies, when available, and then aggregated. A
subgroup analysis was conducted based on the type of con-
trol group (active vs. inactive).

To address potential publication bias, the Trim and Fill
method was used to estimate the effect size, adjusted for
missing studies. The interpretation of the SMD was based
on the following thresholds: g= 0.20-0.49 indicating a small
effect, g= 0.50-0.79 indicating a moderate effect, and g>
0.80 indicating a large effect [43]. In both main and sub-
group analyses, negative values of SMD indicated a ten-
dency for a reduction in DS, favoring the MCT groups. The
significance level was set at p< 0.05. All meta-analytical
computations were performed using Comprehensive Meta-
Analysis software (version 2).

Heterogeneity among studies was assessed using the I?
statistic, which indicates the proportion of total variability
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attributable to heterogeneity rather than chance. The fol-
lowing thresholds were used for interpretation: low hetero-
geneity (I*= 25% — 49%), moderate heterogeneity (I>= 50%
—74%), and high heterogeneity (I > 75%) [30]. For studies
where means and standard deviations were not reported, the
authors were contacted to provide this information, or data
were converted from means and confidence intervals when
necessary. In one study [31], where results were presented as
means and standard errors, the standard error was converted
to standard deviation to ensure consistency in the analysis
[44].

Results
Study selection

A total of 272 records were initially identified through data-
base searches. Following the removal of duplicates and the
screening of titles and abstracts, 245 studies were excluded
for not meeting the inclusion criteria. Subsequently, 27 full-
text articles were assessed for eligibility. Of these, ten were
excluded due to duplication and seven were removed for fail-
ing to meet the predefined eligibility criteria. Ultimately, ten
studies were included in the final review and meta-analysis
(see Fig. 1).

Study characteristics

A total of 781 participants were included across the ten stud-
ies selected for this SR [33, 45-53]. Of these studies, five
included both male and female participants, while the other
five focused exclusively on female participants, highlight-
ing a gender imbalance that may influence generalizability
[33, 45, 46, 48-50, 52, 53]. The included studies were pub-
lished between 2012 and 2023, with participants’ mean ages
ranging from 66.5 to 82.4 years, reflecting a predominantly
older adult population [48, 50]. In terms of geographic dis-
tribution, the studies were conducted in diverse regions:
four in Brazil, two in Spain, and one each in South Korea,
Singapore, Japan, and the United States, demonstrating the
global interest in the effects of MCT on older adults’ mental
health [45, 47-51]; Sample sizes varied substantially across
studies, with some including fewer than 30 participants per
group, while others enrolled more robust samples [45] (e.g.,
Tan et al., 2023, with 324 participants distributed across
three groups). The mean age and gender distribution across
studies are detailed in Table 3.

Among the studies included in this review, all studies
assessed DS using the GDS, although different versions of
the instrument were employed. The GDS-15, a 15-item ver-
sion, was the most frequently used [48, 50], while others
adopted culturally adapted formats such as the GDS-SF-K
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Fig.1 PRISMA flow diagram of study selection. GDS geriatric depression Scale, MCT multicomponent training

for the Korean population [47], or more concise forms like
the GDS-5 [53].

A variety of intervention protocols and CG conditions
were observed. In terms of CG strategies, one author used
an active CG involving general health education counseling
[45], while other authors employed inactive CGs, such as
low-intensity usual activities or educational sessions with-
out exercise [46, 47, 49]. Two studies featured three-arm
designs: one compared MCT with cognitive stimulation
therapy (CST) and an inactive CG [45], while another

compared MCT to RT and a non-intervention control group
[51]. The remaining four studies did not include control
groups, relying instead on intragroup comparisons to assess
outcomes [33, 48, 50, 53].

The frequency of MCT interventions ranged from once
per week to three times per week, with session durations
varying from 30 to 60 min. The total duration of inter-
ventions spanned from 7 weeks to 6 months, reflecting
moderate to long-term engagement across studies. Some
protocols included additional components, such as walking

@ Springer
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Table 3 Sociodemographic characteristics of the included studies

Author, year Country Age Gender n
Tan et al. (2023) Singapore MCT =73,4 +5,2 Fem/male MCT (n =80)
MCT +CST =72,6 +5,1 MCT +CST (n =57)
CG=71,7+50 CG (n=187)
Ugartemendia-Yerobi et al. (2023) Spain MCT =804 +6.9 Fem/male MCT (n=21)
CG =80,0+8,5 CG (n =20)
Song et al. (2022) South Korea MCT =79,6 +5,5 Female MCT (n =62)
CG=78,0+5.2 CG (n=64)
Todo et al. (2021) Japan MCT =824 +7,5 Female MCT (n =30)
Cassiano et al. (2020) Brazil MCT =66,5 +4,8 Fem/male MCT (n =48)
Bacha et al. (2020) Brazil MCT =68,3 +5,9 Fem/male MCT (n =6)
VGK =694 +6,4 VGK (n =8)
Kim et al. (2020) Korea MCT =76,2 +5,4 Female MCT (n =60)
Ansai et al. (2015) Brazil MCT =819 +1,9 Female MCT (n =23)
RT =82,8 +2,8 RT (n =23)
CG=82,6+2,6 CG (n=23)
Nascimento et al. (2013) Brazil MCT =67,5 +6,2 Fem/male MCT (n =27)
CG=67,1 +5,1 CG (n=28)
Toto et al. (2012) USA MCT 78,1 £8,0 Female MCT (n=14)

MCT multicomponent training, CG control group, CST cognitive stimulation therapy, VGK video game Kinect, RT Resistance training; mean

+ standard deviation; USA United States of America; Fem female

sessions, [50] or monthly supervised sessions combined
with daily unsupervised home-based activities [33].

The physical qualities targeted in the MCT programs
typically combined cardiovascular endurance, muscular
strength, flexibility, balance, and in some cases, dual-task
or postural training—offering a comprehensive approach
to physical fitness in older adults. However, despite the
multidimensional nature of these interventions, results
varied across studies. While some reported significant
reductions in DS—particularly those including dual-task
elements or cognitive stimulation [45, 47, 48, 53] — oth-
ers found no statistically significant changes [46, 49-52].

The MCT programs analyzed in the included studies
varied in the number and combination of physical capaci-
ties addressed. Specifically, five studies targeted four phys-
ical components [46, 48, 50, 52, 54], two studies incorpo-
rated three components [45, 47], one study included six
distinct physical capacities [49], and two studies targeted
five capacities [33, 53]. Across all studies, RT were pre-
sent in 100% of the interventions, followed by balance
exercises (90%) and AE (70%). Flexibility, coordination,
agility, and postural training appeared less frequently
and were typically integrated as secondary components
Table 4.

Regarding outcomes, results were mixed. While 60% of
the studies did not report statistically significant reductions
in DS, four studies found notable improvements in mood
and affect following the interventions [45, 47, 48, 53]. These
positive outcomes were frequently associated with more
cognitively enriched or functionally diverse MCT protocols,

@ Springer

suggesting that specific program characteristics may play a
decisive role in their effectiveness.

Risk of bias among the studies

The methodological quality of the included studies was
assessed using the TESTEX scale (see Table 5), with total
scores ranging from from to 12 out of a possible 15 points,
indicating considerable variability in research rigor. Most
studies demonstrated moderate to low quality, with only two
studies achieving scores of 10 or higher [51, 53], suggesting
greater methodological robustness.

Several common methodological weaknesses were iden-
tified across the studies. Only three studies (30%) reported
proper randomization procedures [45, 49, 51], and just 1
study described allocation concealment [51]. Adherence
rates above 85% were reported in only 1 study (10%), and
data on adverse events and participant attendance were
provided in just 2 studies (20%) each. These omissions
may limit the interpretability and reproducibility of the
interventions.

The lowest overall scores (4 points) were observed in
two studies [33, 53], both of which lacked key informa-
tion related to intervention monitoring and study design.
In contrast, one study stood out with a score of 12 [51],
fulfilling most quality criteria, including detailed reporting
on exercise volume, intensity, adherence, and intention-to-
treat analysis.

These findings underscore the need for improved meth-
odological reporting and implementation in future studies on
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Table 4 Characteristics of the MCT interventions in the included studies

Author/year Physical qualities ~ Weekly frequency  Session duration Total intervention Control group Results
of MCT
Tan et al. (2023) Cardiovascular 2 60 min 6 months General health Significant reduction
endurance, education coun- in all three meas-
strength, dual- seling ures at 3 months
task, and balance for both MCT and
MCT +CST
Ugartemendia- Mobility, strength, 3 50 min 12 weeks Low-intensity No significant reduc-
Yerobi et al. balance, and res- usual activities tions observed
(2023) piratory exercises
Song et al. (2022)  Stretching, 1 +Encouragement 40 min 12 weeks Educational Significant intra-
cardiovascular to do at home sessions and group reduction
endurance, and delivery of edu- observed for MCT
strength cational booklets
Todo et al. (2021)  Stretching, flexibil- 1 or 2 40 to 60 min 3 months Not applicable No significant reduc-
ity, strength, bal- tions observed
ance, and posture
strengthening
Bacha et al. (2020) Dynamic and static 2 60 min 7 weeks Interactive video Significant reduction
balance, cardio- Game observed in both
vascular endur- groups
ance, strength,
coordination, and
stretching
Cassiano et al. Strength, flexibil- 2 +1 walking 60 min 16 weeks Not applicable Significant median
(2020) ity, balance, and session reduction observed
coordination
Kim et al. (2020)  Cardiovascular 1 time per month 30 min 12 weeks Not applicable No significant reduc-
endurance, + daily individual tions observed
strength, flexibil-  exercises*
ity, and balance
Ansai et al. (2015) Cardiovascular 3 60 min 16 weeks No PEI conducted  No significant
endurance, reductions were
strength, and observed for MCT
balance
Nascimento et al.  Stretching, 3 60 min 16 weeks No PEI conducted No significant
(2013) strength, balance, reductions were
agility, coor- observed for MCT
dination, and
cardiovascular
endurance
Toto et al. (2012)  Cardiovascular At least 1 60 min 10 weeks Not applicable No significant reduc-
endurance, tions observed

strength, flexibil-
ity, and balance

MCT multicomponent training, CST cognitive stimulation therapy, min minutes; * = monthly; PEI physical exercise intervention

MCT for older adults. Particular attention should be given
to strengthening internal validity through better randomiza-
tion procedures, tracking of adherence and attendance, and
transparent reporting of adverse events.

Figure 2 presents the overall effect and subgroup analyses
of MCT versus CG conditions on DS in older adults. The
overall meta-analysis revealed no statistically significant
effect in favor of MCT (Hedges’ g= —0.090; 95% CI —0.448
to 0.269; p= 0.624). Subgroup analyses offered additional
insights. When MCT was compared to active CGs, results

showed a trend toward favouring the active CGs (positive
SMD); however, the difference was not statistically sig-
nificant (g =0.199; 95% CI —0.375 to 0.774; p= 0.496).
Conversely, comparisons between MCT and inactive con-
trol groups indicated a trend favoring MCT (negative SMD),
though this effect also failed to reach statistical significance
(g =-0.206; 95% CI —0.415 to 0.040; p=0.101).
Statistical heterogeneity was low and non-significant
(1= 0.00, p = 0.730), indicating a high level of consistency
across the included studies. Publication bias was assessed
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Table 5 Methodological quality of the included studies assessed using the TESTEX scale

Authors 1 2 3 4 5 PITL@O-5) 6a 6b 6 7 8a 8 9 10 11 12 PTL TOT
(0-10) (0-15)

Tan et al. (2023) 1 0 0 0 0 1 0 0 0 0 1 1 1 1 0 0 4 5
Uga-Yerobietal. (2023) 1 O 0 1 0o 2 0 0 0 0 1 1 1 0 1 1 5 7
Song et al. (2022) 1 0 0 1 1 3 0 0 0 0 1 1 1 0 0 0 3 6
Todo et al. (2021) 1 NA O NA 0 1 0 0 0 0O 1* 1* 1 NA O 0 3 4
Bacha et al. (2020) 1 1 0 1 1 4 0 0 0 0 1 0 1 1 0 0 3 7
Cassiano et al. (2020) 1 NA 0O NA 0 1 0 0 0 0O 1* 1* 1 NA 1 1 5 6
Kim et al. (2020) 1 NA O NA 0 1 0 0 0 0 1 1 1 NA O 0 3 4
Ansai et al. (2015) 1 1 1 1 0 4 0 1 1 1 1 1 1 0 1 1 8 12
Nascimento et al. (2013) 1 0 0 1 1 3 0 0 0 0 1 1 1 0 1 1 5 8
Toto et al. (2012) 1 NA O NA 1 2 1 1 1 0O 1* 1* 1 NA 1 1 8 10
NA Not applicable, *intragroup comparisons, PTL partial, TOT Total

Subgroup meta-analysis  Study Hedge's g 95%CI p-value

Active control Bacha, 2020 0.000 -0.991 0.991 1,000

Active control Ansai, 2015 (resist) 0.300 -0.405 1.006 0.404

Active control subgroup 0.199 -0.375 0.774 0.496

Inactive control Ugartemendia-Ycrobi, 2023 -0.192  -0.816 0432 0.546

Inactive control Song, 2022 -0.317 -0.667 0.032 0.075

Inactive control Nascimento, 2013 -0.018 -0.54 0.503 0945

Inactive control Ansai, 2015 -0.116 -0.799 0.566 0.739

Inactive control subgroup -0.206  -0.451 0.04 0.101

Total -0.090  -0.448 0.269 0.624

-2.50 -1.25 0.00 1.25 2.50
TFavour MCT | TFavour control

Fig.2 Forest plot displaying the standardized mean differences (SMDs) and 95% confidence intervals for the effects of MCT on DS in older
adults. Subgroup analyses compare MCT with active CGs and inactive CGs, alongside the overall pooled effect across studies

using a funnel plot (Fig. 3), which did not reveal statistically
significant asymmetry (Egger’s test: p= 0.11). However,
visual inspection suggested a possible absence of smaller
studies favoring MCT, as indicated by the filled circles in the
plot. To address this potential bias, the Trim and Fill method
was applied. The adjusted effect size showed a slight shift
in favor of MCT, although it remained statistically non-sig-
nificant (g =—0.260; 95% CI =—-0.454 to 0.064, p=0.101),
with three studies imputed through this method.

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis specifically evaluating the effects
of MCT on DS in older adults. Although the pooled results
did not demonstrate a statistically significant reduction in
DS, this review contributes valuable insights into a growing

@ Springer

field of research and helps identify key directions for future
investigation.

Ten studies were included in this review, with five of
them meeting the criteria for inclusion in the meta-analysis.
Four studies were excluded due to the absence of a control
group [33, 48, 50, 53], and one was excluded for not report-
ing between-group p values [Song et al., 2022]. Among
the included studies, eight investigated DS as a primary
outcome. Our findings diverge from previous systematic
reviews on the antidepressant effects of physical exercise,
which have shown favorable effects of AT [22, 23], and
resistance training [24, 25]. These discrepancies may be
attributed to the heterogeneity in training protocols [55],
participant characteristics, and study design, highlighting
the complexity of exercise interventions targeting DS in
older adults.

Subgroup analyses revealed no statistically significant dif-
ferences between MCT and either active or inactive controls.
However, a slight trend favoring active controls (g =0.199)
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Fig.3 Funnel Plot Assessing
Publication Bias. Open circles

Funnel Plot of Standard Error by Hedges's g
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could suggest that these groups might be perceived as more
engaging or structured than MCT, potentially leading to
higher adherence, as suggested in a study conducted in
Korean participants [33]. Conversely, MCT showed a non-
significant but favorable trend when compared to inactive
controls (g =—0.206), indicating that regular exercise —
even if not superior to active control interventions—may
still be more beneficial than no structured activity. Nonethe-
less, these interpretations must be made cautiously, given the
limited number of studies and relatively small sample sizes.

The average methodological quality of the included stud-
ies was moderate, with a median TESTEX score of 6.5, sug-
gesting that many studies had limitations in reporting key
methodological details. Only three studies scored above the
midpoint of the scale, and critical elements such as adher-
ence rates and adverse events were frequently not reported in
the exercise intervention studies. Given that the efficacy of
exercise interventions is closely linked to factors like train-
ing dose and participant adherence [56], these reporting
gaps undermine the ability to fully interpret the findings.
The lack of comprehensive reporting may have contributed
to the absence of statistically significant effects in the meta-
analysis [57], as the variability in study protocols and adher-
ence could have obscured potential benefits of MCT on DS.

Furthermore, there was considerable inconsistency
in how MCT protocols were delivered. Only two studies
reported the number of sets [45, 51], and just one described
circuit training with specific durations per station [48]. Inter-
vention durations ranged from 7 weeks to 6 months, and
frequencies from one to three sessions per week. However,
only three studies implemented training at least three times
per week, which is the minimum frequency often recom-
mended for reducing DS [58]. Notably, none of the included
studies clearly reported how training loads were monitored
or adjusted over time—such as progression of resistance,
intensity, or workload distribution—Ilimiting the ability to

o
° o
o
. ° o
° o
—_—
R

05 00 05 15 20

Hedges's g

assess the adequacy of the exercise stimulus. This omission
is critical, as appropriate load progression is a key principle
in exercise prescription [59], particularly in programs aiming
to elicit both physical and psychologic adaptations.

In fact, the format and structure of the MCT program can
indeed influence the results observed. Variations in training
modalities and protocol characteristics could significantly
affect the biologic and behavioral factors, such as adher-
ence, motivation, and the physiologic response to exercise
[60—62], which in turn may either enhance or limit the men-
tal health benefits, including the reduction of DS [58]. More-
over, it is possible to speculate that the interaction between
biologic and behavioral factors, mediated by more consistent
and individualized protocols, could potentiate the outcomes
of MCT in reducing DS [63]. The adaptation of MCT pro-
grams to the specific needs of participants, considering their
physical capacity, preferences, and motivation levels, may be
a crucial strategy for improving results, making the training
not only more effective but also more sustainable over time.

Importantly, the baseline severity of DS appears to be a
crucial factor influencing the impact of MCT. Some included
studies enrolled participants with low or normal GDS scores,
leaving limited room for measurable improvement. In con-
trast, studies with higher baseline GDS values [46, 49],
reported significant within-group improvements, reinforc-
ing the idea that baseline symptom severity may moderate
treatment effects. Several studies have demonstrated that
individuals with more severe DS are more likely to show
improvements following interventions, such as exercise [64,
65]. These findings highlight the need to stratify participants
by baseline DS severity in future trials to better evaluate
treatment responses. Such stratification could help identify
subgroups that benefit most from MCT and refine interven-
tion protocols to optimize effectiveness.

Despite the lack of statistically significant findings, it
is worth noting that other types of exercise interventions,

@ Springer
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including low-intensity activities such as yoga, and Tai Chi,
have been associated with reductions in DS [66]. Unlike
these approaches, which often incorporate structured
relaxation, breathing, and mindfulness components, MCT
interventions tend to emphasize functional physical fitness
without necessarily including elements known to support
psychologic well-being. Many of the reviewed studies failed
to provide a clear definition or structure of MCT, contribut-
ing to difficulties in monitoring training loads and standard-
izing/replicable intervention. This variability may, in turn,
help explain the inconsistent findings regarding MCT’s
impact on DS.

A very recent position statement by leading interna-
tional experts emphasizes two key points relevant to this
review [67]. First, it clarifies the optimal composition of
MCT. Second, it underscores those different types of exer-
cise—whether performed in isolation or combination—may
influence DS in distinct ways. However, the current body of
evidence supporting the effectiveness of exercise specifi-
cally for sustained brain health remains limited and of low
certainty [68], reinforcing the need for more rigorous and
targeted investigations in this area.

In addition, the potential influence of psychosocial mech-
anisms should not be overlooked. Social engagement, peer
support, and the perception of competence associated with
group-based exercise can all enhance self-efficacy and men-
tal well-being [26]. It is important to consider that the social
components of group-based exercise programs may serve
not only as a complementary aspect of the physical activity
but also play a critical role in psychologic improvement. The
feeling of belonging, shared experiences, and social bonding
inherent in group settings could amplify the positive effects
of physical exercise on DS [69].

Specifically, the perception of competence and mastery,
which may be heightened through positive feedback from
peers and the supportive group dynamic, could further boost
self-efficacy and motivation [70]. These factors, although
not always explicitly measured, may contribute significantly
to exercise-related reductions in DS. Several studies in this
review included group sessions, which may have uninten-
tionally delivered social benefits alongside physical ones.

Another important aspect to consider relates to the gender
composition of the study samples [71]. It was observed that
the majority of participants across the included studies were
women. This predominance may be attributed to the well-
documented trend that women are generally more inclined
to participate in health-related research, particularly studies
involving group-based physical activities such as stretching,
AE, dance, yoga, walking, and machine-based cardiovas-
cular training [72]. Furthermore, women are more likely to
engage in research focused on mental health, which may
have influenced the gender imbalance observed in the studies
included in this review.

@ Springer

Strengths and limitations

This review represents the first review with metanalysis to
evaluate the effects of MCT on DS in older adults, address-
ing a previously underexplored area. A major strength is
the use of the GDS, a validated and widely used tool,
which enhances consistency across studies and strengthens
outcome comparisons. However, several limitations must
be acknowledged. Many studies lacked detailed descrip-
tions of MCT protocols—particularly in terms of load
control and session structure—limiting reproducibility
and interpretation. The broad age range and international
diversity of participants, while increasing generalizabil-
ity, may also introduce heterogeneity. Finally, the small
number of included studies and their generally modest
methodological quality weaken the robustness of the con-
clusions and highlight the need for higher-quality research
in this field.

Future insights

Future clinical trials should adopt standardized and well-
described MCT protocols, clearly reporting intensity,
duration, frequency, load progression, and exercise type
to improve replicability and interpretability. Larger, meth-
odologically robust studies with diverse older populations
and validated tools for assessing depressive symptoms are
needed. Greater attention should be given to monitoring
training load and exploring both physiologic and psycho-
social mechanisms, which may mediate the mental health
benefits of MCT.

Conclusion

Although this review did not find significant evidence that
MCT reduces DS in older adults, this finding should be
interpreted cautiously. Several limitations may have influ-
enced the results, including the small number of studies,
overall moderate methodological quality, and high vari-
ability in MCT protocol structures. Notably, no study
clearly reported how training loads were monitored or
adjusted over time, which is a critical factor in determining
the effectiveness of interventions. In addition, differences
in how MCT was conceptualized and implemented—rang-
ing from the type and number of components to session
frequency and progression—make it difficult to draw firm
conclusions. Despite these inconsistencies, MCT remains
relevant due to its established benefits on physical function
and quality of life.
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Appendix A: TESTEX Scale: Tool
for the Assessment of Study Quality
and Reporting in Exercise

The TESTEX (Tool for the Assessment of Study Quality
and Reporting in Exercise) scale is a validated instrument
designed specifically to assess the quality and reporting
standards of clinical trials involving physical exercise
interventions. The scale includes 12 criteria divided into
two domains: Study Quality and Reporting Quality, with
a maximum score of 15 points.
A. Study Quality (Maximum =35 points).

(1) Eligibility criteria specified

(2) Randomization specified

(3) Allocation concealment specified

(4) Groups similar at baseline

(5) Assessor blinding for at least one key outcome

B. Reporting Quality (Maximum = 10 points).

(6) Outcome measures assessed in >85% of participants
(7) Intention-to-treat analysis
(8) Between-group statistical comparisons reported
(9) Point measures and variability data reported
(10) Activity monitoring in control groups (e.g., physical
activity logs)
(11) Relative exercise intensity prescribed
(12) Exercise volume and energy expenditure reported

Each item is scored as 1 point if clearly reported and
justified in the manuscript, or O points if not. This struc-
ture allows for an objective evaluation of methodologi-
cal rigor and reporting transparency in trials, particularly
those involving structured exercise protocols.

Acknowledgements The author G.E.F. thanks the National fund-
ing by FCT- Foundation for Science and Technology, P.I., through
the institutional scientific employment program-contract (CEEC-
INST/00077/2021). A.P.A. and S.B.C. thanks to FCT—Fundagdo
para a Ciéncia e a Tecnologia, I.P., under the scope of the project
UIDB/05198/2020 (Centre for Research and Innovation in Education,
inED)". https://doi.org/https://doi.org/10.54499/UIDB/05198/2020

Author contributions Conceptualization: A.F.C., G.E.F., C.L.M.L.,
S.V.R Methodology: A.F.C., C.LM.L., ALR.D, FR., S.V.R For-
mal Analysis: A.F.C., GE.F., C.LM.L, S.B.C. Investigation: A.F.C.,
C.LM.L, F.R., N.O.C.C. Data Curation: A.F.C., GE.F., M.P.B.O.,
S.V.R Writing—Original Draft: A.F.C., G.E.F., CLM.L., ALR.D.,
S.B.C. Writing—Review & Editing: G.E.F., AF.C.,S.VR., M.P.B.O;
Visualization: A.F.C., CL.M.L., S.B.C., N.O.C.C.; Supervision:
G.E.F, S.V.R,; Project Administration: A.F.C., S.V.R., Funding Acqui-
sition: G.E.F., S.B.C.

Funding Open access funding provided by FCTIFCCN (b-on).

Data availability Data statement: data will be available if requested.

Declarations

Conflict of interest The authors have no conflicts of interest to dis-
close.

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

References

1. Freeman M (2022) The World Mental Health Report: transforming
mental health for all. World Psychiatry 21(3):391-392
2. World Health Organization (WHO). Mental health of older
adults. Geneva: WHO; 2017 [cited 2025 Apr 7]. Avail-
able from: https://www.who.int/news-room/fact-sheets/detail/
mental-health-of-older-adults
3. Jeoung BJ (2014) Relationships of exercise with frailty, depres-
sion, and cognitive function in older women. J Exerc Rehabil
10:291-294
4. Reynolds CF, Jeste DV, Sachdev PS, Blazer DG (2022) Mental
health care for older adults: recent advances and new directions in
clinical practice and research. World Psychiatr [Internet] 21:336
5. National Institute for Health and Care Excellence (NICE).
Depression in adults: treatment and management. NICE guide-
line [NG222]. London: NICE; 2022 [cited 2025 Apr 7]. Available
from: https://www.nice.org.uk/guidance/ng222
6. Furtado GE, Uba-Chupel M, Minuzzi L, Patricio M, Loureiro M,
Bandelow S et al (2019) Exploring the potential of salivary and
blood immune biomarkers to elucidate physical frailty in institu-
tionalized older women. Exp Gerontol [Internet] 129:110759
7. Rolland Y, Morley JE (2016) Frailty and polypharmacy. J Nutri-
tion, Health Aging 20(6):645-646
8. Caldo-Silva A, Furtado GE, Bachi ALL, Barros MP, Zanchi NE,
Massart A et al (2021) Evidence-based effects of multicomponent
exercise training on biomarkers related to frailty in older persons:
A systematic review. J Phys Education Sport 21:2219-2227
9. Petrella M, Aprahamian I, Mamoni RL, de VasconcellosRomanini
CF, Lima NA, de Cassio RE et al (2021) The effect of a multi-
component exercise protocol (VIVIFRAIL©O) on inflammatory
profile and physical performance of older adults with different
frailty status: study protocol for a randomized controlled trial.
BMC Geriatr 21:83
10. Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM,
Stubbs B (2019) Physical activity and depression: Towards under-
standing the antidepressant mechanisms of physical activity. Neu-
rosci Biobehav Rev [Internet] 107:525-539
11. Schuch FB, Vancampfort D, Richards J, Rosenbaum S, Ward PB,
Stubbs B (2016) Exercise as a treatment for depression: a meta-
analysis adjusting for publication bias. J Psychiatr Res 77:42-51
12. Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM,
Stubbs B (2019) Physical activity and depression: Towards under-
standing the antidepressant mechanisms of physical activity. Neu-
rosci Biobehav Rev 107:525-539

@ Springer


https://doi.org/
https://doi.org/10.54499/UIDB/05198/2020
http://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.nice.org.uk/guidance/ng222

1402

Sport Sciences for Health (2025) 21:1391-1404

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ignacio ZM, da Silva RS, Plissari ME, Quevedo J, Réus GZ (2019)
Physical exercise and neuroinflammation in major depressive dis-
order. Mol Neurobiol 56(12):8323-8335

Serretti A (2023) Anhedonia and depressive disorders. Clin Psy-
chopharmacol Neurosci [Internet] 21:401

McDowell CP, Dishman RK, Gordon BR, Herring MP (2019)
Physical activity and anxiety: a systematic review and meta-anal-
ysis of prospective cohort studies. Am J Prev Med 57:545-556
Sanaeifar F, Pourranjbar S, Pourranjbar M, Ramezani S, Mehr SR,
Wadan AHS et al (2024) Beneficial effects of physical exercise on
cognitive-behavioral impairments and brain-derived neurotrophic
factor alteration in the limbic system induced by neurodegenera-
tion. Exp Gerontol 195:112539

Matta Mello Portugal E, Cevada T, Sobral Monteiro-Junior R,
TeixeiraGuimaraes T, da Cruz RE, Lattari E et al (2013) Neurosci-
ence of exercise from neurobiology mechanisms to mental health.
Neuropsychobiology 68(1):1-14

Chen JTH, Wuthrich VM, Rapee RM, Draper B, Brodaty H, Cut-
ler H et al (2022) Improving mental health and social participa-
tion outcomes in older adults with depression and anxiety: Study
protocol for a randomised controlled trial. PLoS One [Internet]
17:¢0269981

. White K, Kendrick T, Yardley L (2009) Change in self-esteem,

self-efficacy and the mood dimensions of depression as potential
mediators of the physical activity and depression relationship:
Exploring the temporal relation of change. Ment Health Phys Act
2:44-52

Sun C-w, Wang Y-j, Fang Y-q, He Y-q, Wang X, So BCL et al
(2022) The effect of physical activity on anhedonia in individuals
with depressive symptoms. Psych J 11:214-226

Mahmoudi A, Amirshaghaghi F, Aminzadeh R, Mohamadi TE
(2022) Effect of aerobic, resistance, and combined exercise train-
ing on depressive symptoms, quality of life, and muscle strength
in healthy older adults: a systematic review and meta-analysis of
randomized controlled trials. Biol Res Nurs [Internet] 24:541-559
Heissel A, Heinen D, Brokmeier LL, Skarabis N, Kangas M,
Vancampfort D et al (2023) Exercise as medicine for depressive
symptoms? A systematic review and meta-analysis with meta-
regression. Br J Sports Med [Internet] 57:1049-1057

Schuch FB, Vancampfort D, Richards J, Rosenbaum S, Ward PB,
Stubbs B (2016) Exercise as a treatment for depression: a meta-
analysis adjusting for publication bias. J Psychiatr Res [Internet]
77:42-51

Cunha PM, Werneck AQO, dos Santos L, Oliveira MD, Zou L,
Schuch FB et al (2024) Can resistance training improve mental
health outcomes in older adults? A systematic review and meta-
analysis of randomized controlled trials. Psychiatr Res [Internet]
333:115746

Rossi FE, dos Santos GG, Rossi PAQ, Stubbs B, BarretoSchuch
F, Neves LM (2024) Strength training has antidepressant effects
in people with depression or depressive symptoms but no other
severe diseases: a systematic review with meta-analysis. Psychiatr
Res [Internet] 334:115805

Smith PJ, Merwin RM (2020) The role of exercise in management
of mental health disorders: An integrative review. Annu Rev Med
[Internet] 72:45

Heissel A, Heinen D, Brokmeier LL, Skarabis N, Kangas M,
Vancampfort D et al (2023) Exercise as medicine for depressive
symptoms? A systematic review and meta-analysis with meta-
regression. BrJ Sports Med 57(16):1049-1057

Garcia-Molina R, Ruiz-Grao MC, Noguerén-Garcia A, Martinez-
Reig M, Esbri-Victor M, Izquierdo M et al (2018) Benefits of a
multicomponent Falls Unit-based exercise program in older adults
with falls in real life. Exp Gerontol [Internet] 110:79-85
Casas-Herrero A, Anton-Rodrigo I, Zambom-Ferraresi F, Saez De
Asteasu ML, Martinez-Velilla N, Elexpuru-Estomba J et al (2019)

Springer

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Effect of a multicomponent exercise programme (VIVIFRAIL)
on functional capacity in frail community elders with cognitive
decline: Study protocol for a randomized multicentre control trial.
Trials. https://doi.org/10.1186/s13063-019-3426-0

da Encarnagdo SGA, Fazolo SL, Pereira FST, da Silva Aratjo DP,
de Miranda CN, de Castro Pinto BWF et al (2023) Influence of
multicomponent exercise program or self-selected physical activ-
ity on physical, mental, and biochemical health indicators of older
women. Montenegrin J Sports Sci Med 19:17-27
Tarazona-Santabalbina FJ, Gomez-Cabrera MC, Pérez-Ros
P, Martinez-Arnau FM, Cabo H, Tsaparas K et al (2016) A
multicomponent exercise intervention that reverses frailty and
improves cognition, emotion, and social networking in the com-
munity-dwelling frail elderly: a randomized clinical trial. ] Am
Med Dir Assoc [Internet] 17:426-433

Savikangas T, Suominen TH, Alén M, Rantalainen T, Sipild
S (2024) Changes in femoral neck bone mineral density and
structural strength during a 12-month multicomponent exercise
intervention among older adults — Does accelerometer-measured
physical activity matter? Bone 178:116951

Kim YJ, Park H, Park JH, Park KW, Lee K, Kim S et al (2020)
Effects of multicomponent exercise on cognitive function in
elderly korean individuals. J Clin Neurol [Internet] 16:612

Oh G, Lee H, Park CM, Jung HW, Lee E, Jang IY et al (2021)
Long-term effect of a 24-week multicomponent intervention on
physical performance and frailty in community-dwelling older
adults. Age Ageing 50:2157-2166

Moraes HS, Silveira HS, Oliveira NA, Matta Mello Portugal
E, Aradjo NB, Vasques PE et al (2020) Is strength training as
effective as aerobic training for depression in older adults? A
randomized controlled trial. Neuropsychobiology [Internet]
79:141-149

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD et al (2020) The PRISMA statement: An updated
guideline for reporting systematic reviews. The BMJ 2021:n71
Amir-Behghadami M, Janati A (2020) Population, Intervention,
Comparison, Outcomes and Study (PICOS) design as a frame-
work to formulate eligibility criteria in systematic reviews.
Emerg Med J [Internet] 37:387

Pedder H, Sarri G, Keeney E, Nunes V, Dias S (2016) Data
extraction for complex meta-analysis (DECiMAL) guide. Syst
Rev [Internet] 5:1-6

Smart NA, Waldron M, Ismail H, Giallauria F, Vigorito C, Cor-
nelissen V et al (2015) Validation of a new tool for the assess-
ment of study quality and reporting in exercise training studies:
TESTEX. Int J Evid Based Healthc 13:9-18

Cuthbert M, Ripley N, McMahon JJ, Evans M, Haff GG, Com-
fort P (2020) The effect of nordic hamstring exercise inter-
vention volume on eccentric strength and muscle architecture
adaptations: a systematic review and meta-analyses. Sports Med
[Internet] 50:83-99

Ozden F (2022) The effectiveness of physical exercise after
lumbar fusion surgery: a systematic review and meta-analysis.
World Neurosurg 163:¢396-412

Valenzuela PL, Saco-Ledo G, Morales JS, Gallardo-Gémez D,
Morales-Palomo F, Lopez-Ortiz S et al (2023) Effects of physi-
cal exercise on physical function in older adults in residential
care: a systematic review and network meta-analysis of ran-
domised controlled trials. Lancet Healthy Longev [Internet].
4:e247-e256

Cohen J (1992) Statistical power analysis. Curr Dir Psychol Sci
1:98-101

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
Welch VA, et al. Choosing effect measures and computing esti-
mates of effect. In: Higgins JPT, Thomas J, Chandler J, Cumpston
M, Li T, Page MJ, Welch VA, editors. Cochrane Handbook for


https://doi.org/10.1186/s13063-019-3426-0

Sport Sciences for Health (2025) 21:1391-1404

1403

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Systematic Reviews of Interventions. Version 6.3 (updated Febru-
ary 2022). London: Cochrane; 2022. Available from: https://train
ing.cochrane.org/handbook/current/chapter-06

Tan LF, Chan YH, Seetharaman S, Denishkrshna A, Au L, Kwek
SC et al (2023) Impact of exercise and cognitive stimulation
therapy on physical function, cognition and muscle mass in pre-
frail older adults in the primary care setting: a cluster randomized
controlled trial. J Nutr Health Aging [Internet] 27:438-447
Ugartemendia-Yerobi M, Kortajarena M, Elordi U, Zinkunegi-
Zubizarreta N, Zarrazquin I, Calvo-Aguirre JJ et al (2023) Effects
of a multicomponent physical exercise programme on perceived
health-related quality of life and on depressive symptoms in older
adults living in long-term nursing homes. Int J Nurs Sci 10:16-22
Song MS, Boo S (2022) Effects of a nurse-led multicomponent
intervention for frail older adults living alone in a community: a
quasi-experimental study. BMC Nurs [Internet] 21(1):20

Todo E, Higuchi Y, Ueda T, Murakami T, Kozuki W (2021) A
3-month multicomponent home-based rehabilitation program for
older people with restricted life-space mobility: a pilot study. J
Phys Ther Sci [Internet] 33:158-163

Bacha JMR, Gomes GCV, de Freitas TB, Torriani-Pasin C, Lange
B, Pompeu JE (2020) Kinect adventures versus physical exercise
on depressive symptoms of older adults: a pilot study. Fisioterapia
em Movimento [Internet] 33:¢003372

Cassiano ADN, da Silva TS, Do Nascimento CQ, Wanderley EM,
Prado ES, de Santos TM et al (2020) Effects of physical exercise
on cardiovascular risk and quality of life in hypertensive elderly
people. Cien Saude Colet 25:2203-2212

Ansai JH, Rebelatto JR (2015) Effect of two physical exercise
protocols on cognition and depressive symptoms in oldest-old
people: a randomized controlled trial. Geriatr Gerontol Int [Inter-
net] 15:1127-1134

CrispimNascimento CM, Ayan C, Cancela JM, Rodrigues Pereira
J, de Andrade LP, Garuffi M et al (2013) Exercicios fisicos gener-
alizados capacidade funcional e sintomas depressivos em idosos
brasileiros. Revista Brasileira de Cineantropometria Desempenho
Humano [Internet] 15:486-497

Toto PE, Raina KD, Holm MB, Schlenk EA, Rubinstein EN, Rog-
ers JC (2012) Outcomes of a multicomponent physical activity
program for sedentary, community-dwelling older adults. J Aging
Phys Act [Internet] 20:363-378

Rossi PG, Carnavale BF, Farche ACS, Ansai JH, de Andrade LP,
de Takahashi AC (2021) Effects of physical exercise on the cog-
nition of older adults with frailty syndrome: a systematic review
and meta-analysis of randomized trials. Arch Gerontol Geriatr
93:104322

Collado-Mateo D, Lavin-Pérez AM, Pefiacoba C, Del Coso J,
Leyton-Roman M, Luque-Casado A et al (2021) Key factors asso-
ciated with adherence to physical exercise in patients with chronic
diseases and older adults: an umbrella review. Int J Environ Res
Public Health [Internet] 18:2023

Rivera-Torres S, Fahey TD, Rivera MA (2019) Adherence to exer-
cise programs in older adults: informative report. Gerontol Geriatr
Med [Internet] 5:2333721418823604

Biichler AC, In V, 'T Holt AF. (2023) Assessing the methodo-
logical quality of studies included in systematic reviews: Inter-
pretation of scores. Infect Control Hosp Epidemiol [Internet]
44:169-170

Chen N, Taheri M, Siu PM, Ec C, Ap Y, Ck L et al (2022) Effects
of exercise frequency and intensity on reducing depressive

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

symptoms in older adults with insomnia: a pilot randomized con-
trolled trial. Front Physiol [Internet] 13:863457

Lehtonen E, Gagnon D, Eklund D, Kaseva K, Peltonen JE (2022)
Hierarchical framework to improve individualised exercise pre-
scription in adults: a critical review. BMJ Open Sport Exerc Med
8(2):e001339

Noone J, Mucinski JM, DeLany JP, Sparks LM, Goodpaster
BH (2024) Understanding the variation in exercise responses to
guide personalized physical activity prescriptions. Cell Metab
36:702-724

Whipple MO, Schorr EN, Talley KMC, Lindquist R, Bronas UG,
Treat-Jacobson D (2018) Variability in individual response to
aerobic exercise interventions among older adults. J Aging Phys
Act [Internet] 26:655

Box AG, Feito Y, Brown C, Petruzzello SJ (2019) Individual dif-
ferences influence exercise behavior: how personality, motivation,
and behavioral regulation vary among exercise mode preferences.
Heliyon [Internet] 5:¢01459

Xie Y, Wu Z, Sun L, Zhou L, Wang G, Xiao L et al (2021) The
effects and mechanisms of exercise on the treatment of depression.
Front Psychiatr [Internet] 12:705559

Augustin N, Bendau A, Heuer S, Kaminski J, Strohle A (2023)
Resistance training in depression. Dtsch Arztebl Int [Internet]
120:757

Blumenthal JA, Babyak MA, Doraiswamy PM, Watkins L, Hoff-
man BM, Barbour KA et al (2007) Exercise and pharmacotherapy
in the treatment of major depressive disorder. Psychosom Med
[Internet] 69:587-596

Dong Y, Zhang X, Zhao R, Cao L, Kuang X, Yao J (2024) The
effects of mind-body exercise on anxiety and depression in older
adults: a systematic review and network meta-analysis. Front Psy-
chiatr [Internet] 15:1305295

Izquierdo M, de Souto Barreto P, Arai H, Bischoft-Ferrari HA,
Cadore EL, Cesari M, et al. Global consensus on optimal exercise
recommendations for enhancing healthy longevity in older adults
(ICFSR). J Nutr Health Aging. 2025;29(1):1-16. https://doi.org/
10.1007/512603-024-1999-0

Furtado GE, da ReisS ASL, Braga-Pereira R, Caldo-Silva A,
Teques P, Sampaio AR et al (2023) Impact of exercise interven-
tions on sustained brain health outcomes in frail older individu-
als: a comprehensive review of systematic reviews. Healthcare
(Switzerland) 11(24):3160

Schuch FB, Stubbs B (2019) The role of exercise in preventing and
treating depression. Curr Sports Med Rep [Internet] 18:299-304
Healy LC, Benkwitz A, McVinnie Z, Sarkar M, Islin M, Brinded
A et al (2023) Embedding physical activity into community-based
peer support groups for those severely affected by mental illness.
Int J Environ Res Public Health [Internet] 20:2291

Cla T (2019) Time to tackle the physical activity gender gap.
Lancet Public Health [Internet] 4:¢360

Nuzzo JL, Deaner RO (2023) Men and women differ in their inter-
est and willingness to participate in exercise and sports science
research. Scand J Med Sci Sports 33:1850-1865

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

@ Springer


https://training.cochrane.org/handbook/current/chapter-06
https://training.cochrane.org/handbook/current/chapter-06
https://doi.org/10.1007/s12603-024-1999-0
https://doi.org/10.1007/s12603-024-1999-0

1404 Sport Sciences for Health (2025) 21:1391-1404

Authors and Affiliations

23,4

Ariani Franga Conceicao' ® - Guilherme Eustaquio Furtado - Camilo Luis Monteiro Lourenco'

Ana Luiza Rego Dias®
Marcos Paulo Braz de Oliveira'®

>

P<

- Francisco Rodrigues®’

Guilherme Eustaquio Furtado
guilherme.furtado@ipc.pt

Francisco Rodrigues
franciscobrodrigues @ipcb.pt

Ariani Franga Conceicao
arianiedf @ gmail.com

Camilo Luis Monteiro Lourenco
camilo.lourenco@uesb.edu.br

Ana Luiza Rego Dias
analuizaregodias1 @ gmail.com

Sénia Brito-Costa
sonia.costa@ipc.pt

Natalia Oiring de Castro Cezar
natalia.cezar@uemg.br

Marcos Paulo Braz de Oliveira
marcospbraz @ gmail.com

Saulo Vasconcelos Rocha

svrocha@uesb.edu.br

State University of Southwest Bahia (Universidade Estadual
Do Sudoeste da Bahia), Candeias, Brazil

Polytechnic University of Coimbra, Lugar Dos Cortigos,
3045-601 Coimbra, Portugal

@ Springer

- Sénia Brito-Costa®®
- Saulo Vasconcelos Rocha'

- Natalia Oiring de Castro Cezar®

SPRINT - Sport Physical Activity and Health Research
and Innovation Center, Polytechnic University of Coimbra,
Coimbra, Portugal

Center for Studies On Natural Resources, Environment,
and Society (CERNAS), Polytechnic University of Coimbra,
Bencanta, 3045-601 Coimbra, Portugal

Bahiana School of Medicine and Public Health (Escola
Bahiana de Medicina E Saude Publica), Brotas, Brazil

Polytechnic University of Castelo Branco, Castelo Branco,
Portugal

SPRINT - Sport Physical Activity and Health Research
and Innovation Center, Polytechnic University of Castelo
Branco, Castelo Branco, Portugal

inED - Center for Research and Innovation in Education,
Polytechnic University of Porto, Porto, Portugal

Department of Medical Sciences, Minas Gerais State
University, Belo Horizante, MG, Brazil

Multidisciplinary Research in Older Adults’ Health
Laboratory (LaPeSI), Department of Physical Therapy,
Federal University of Sao Carlos, Sdo Paulo, Brazil


http://orcid.org/0000-0002-9370-9830
http://orcid.org/0000-0001-8327-1567
http://orcid.org/0000-0003-0231-1702
http://orcid.org/0009-0001-5682-4688
http://orcid.org/0000-0001-8405-4249
http://orcid.org/0000-0002-7074-887X
http://orcid.org/0000-0002-8264-3565
http://orcid.org/0000-0003-4787-1113
http://orcid.org/0000-0001-8655-5151

	Multicomponent exercise training does not alter depressive symptoms in older people: a systematic review with meta-analysis of current evidence
	Abstract
	Background 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Eligibility criteria
	Search strategy
	Selection and data collection process
	Risk of bias and study quality
	Data synthesis

	Results
	Study selection
	Study characteristics
	Risk of bias among the studies

	Discussion
	Strengths and limitations
	Future insights

	Conclusion
	Appendix A: TESTEX Scale: Tool for the Assessment of Study Quality and Reporting in Exercise
	Acknowledgements 
	References




