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Objectives: Vivifrail is a personalized, multicomponent exercise program that
has emerged in recent years. This systematic review and meta-analysis aimed
to assess the effects of Vivifrail-based multicomponent training on physical and
cognitive function in frail older adults.

Methods: A systematic search was conducted following the PRISMA guidelines,
using the following databases: PubMed, Web of Science, The Cochrane Library,
EBSCOhost, and Embase, covering studies up to 26 May 2025. The included
studies were assessed for quality using the Effective Public Health Practice
Project quality assessment tool. Data were analyzed using random-effects
meta-analysis.

Results: Twelve studies, including 1,026 participants, were included in the meta-
analysis. Vivifrail-based multicomponent training showed significant beneficial
effects on the Short Physical Performance Battery (SPPB) (SMD = 0.90; 95% CI:
0.50, 1.30; P < 0.001; I2 = 88.1%), grip strength (SMD = 0.62; 95% CI: 0.37, 0.87;
P < 0.001; I2 = 68.9%), and cognitive function (SMD = 0.60; 95% CI: 0.34, 0.86;
P < 0.001; I2 = 56.9%) compared to the usual care group. No significant effects
were observed on the Barthel Index of activities of daily living (ADL) (SMD = 0.87;
95% CI: −0.12, 1.85; P = 0.083; I2 = 95.7%). Furthermore, no significant risk of
publication bias was detected for any outcomes.

Conclusion: Current evidence suggests that Vivifrail-based multicomponent
training significantly improves physical and cognitive function. However, the
results should be interpreted with caution due to high heterogeneity in the
meta-analysis.

Systematic Review Registration: identifier CRD420251071483.
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1 Introduction

Frailty is an age-associated condition characterized by diminished
physiological reserves associatedwith chronic illnesses, falls, fractures,
limitedmobility inolderpersons, andeventually,mortality (Dentet al.,
2019; Fried et al., 2001; Clegg et al., 2013; Xue, 2011; Fan et al., 2020;
Wang et al., 2023; Morley, 2013). To date, millions of older adults
worldwide suffer from frailty, and this number is still growing due
to the ageing population (Hoogendijk et al., 2019). This prevalence
of frailty among older adults is undoubtedly placing increasing
pressure on global healthcare systems. Notably, the processes that
contribute to frailty in older adults may also play a role in limited
mobility and cognitive impairment (Ward et al., 2021). It significantly
affects individuals, their families, and society, with an annual direct
healthcare cost of $17,700perperson (Wimoet al., 2007).Accordingly,
effectively managing functional deterioration and cognitive decline
in the frail elderly population has become a critical issue that
requires urgent attention.

Aerobic exercise, resistance training, and stability exercises
individually contribute to improvements in muscle strength,
cardiorespiratory endurance, and balance among frail older
adults (García et al., 2019; Ferraro et al., 2019). However,
multi-component exercise, which integrates various forms of
physical activity, demonstrates even greater potential and has
garnered significant attention in both recent research and clinical
practice (Song et al., 2023; Linhares et al., 2022). Among them,
Vivifrail is a multicomponent exercise program tailored to the
individual, designed to ease the prescription of evidence-based
exercise interventions in older people (Izquierdo et al., 2016).
In 2024, it was included in the Integrated Care of Elderly People
(ICOPE) guidelines developed by the World Health Organization
(WHO) as a treatment option for individuals with limited
mobility (Organisation WHO, 2024). Several research studies
have demonstrated that the Vivifrail project provides a range of
benefits for older adults experiencing frailty, including improved
body composition, cardiorespiratory fitness, and quality of life
(Romero-García et al., 2021; Hartantri et al., 2023; Martínez-
Velilla et al., 2021). Such improvements can be attributed to the
cumulative advantages of various forms of physical activity, which
promote better mitochondrial function, increased expression of
brain-derived neurotrophic factor (BDNF), and neuroprotective
effects stemming from vascular neurogenesis (Burtscher et al.,
2021). Despite these benefits, little is known about the effect of
the Vivifrail project on physical and cognitive functioning. A
randomized controlled trial (RCT) revealed that participants in the
Vivifrail project exhibited better physical and cognitive performance
compared to the usual care group (Casas-Herrero et al., 2022).
However, another small-scale study conducted by chen et al. shows
12 weeks of the Vivifrail project did not improve cognitive function
significantly (Chen et al., 2023).

To address these research gaps, we conducted a comprehensive
systematic review and meta-analysis that included related published
studies, with no limit on study type or language restriction.
The objective is to investigate the impact of Vivifrail-based
multicomponent training on physical and cognitive function in frail
older adults.

2 Methods

2.1 Study registration and protocol

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines (Moher et al., 2009). The PRISMA Checklist
is available in the Supplementary Table S1. The present research
has been registered at the International Prospective Register
of Systematic Reviews (PROSPERO) with the protocol number
CRD420251071483.

2.2 Information sources and search
strategy

A literature search was conducted on 12 May 2024, with an
updated search on 26 May 2025, using the following databases:
PubMed, Web of Science, The Cochrane Library, EBSCOhost, and
Embase. The search strategy for each database were identified
based on previous original research and combined the following
relevant terms: old adults OR frailty AND Vivifrail AND motor
ability OR cognitive function. The whole search strategy is
described in the Supplementary Table S2.

2.3 Eligibility criteria

The eligibility criteria for this review were structured according
to the PICOS (Patient/Population, Intervention, Comparison,
Outcome, and Study design) framework (Spitzer et al., 1978):
(1) participants: frailty adults aged 65 years or older, regardless
of sex; (2) intervention: the intervention content is based on the
recently developed Vivifrail multicomponent exercise programme
(https://vivifrail.com/; Izquierdo, 2019). The Vivifrail is a home
exercise program designed for older adults. It focuses on creating
personalized exercise plans based on each individual’s abilities.
The program includes different types of exercises, such as
strength training, balance, flexibility, and cardiovascular activities
like walking; (3) comparison: the control group received usual
care or maintained their habits without any intervention; (4)
outcomes: an assessment of at least one of the following motor
ability or cognitive function in humans: the short physical
performance battery (SPPB), the Barthel Index of activities of
daily living (ADL), the grip strength of the dominant hand,
the score of Mini-Mental State Examination (MMSE) and
Montreal Cognitive Assessment (MOCA); (5) study design: in
order to maximise the inclusion of high quality, we included
randomized controlled trials (RCT), clinical trials (CT) and
quasi-experiment study.

A total of two reviewers (J.C. and J.Y.) were involved in the
independent assessment of the title, abstract and full text for
eligibility for inclusion. If necessary, a third investigator (H.Z.) was
consulted. When assessing the full texts, we used Kappa consistency
to assess whether the two reviewers’ judgements of the literature
were consistent.
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2.4 Data collection process

Data for each study were retrieved independently by two
assessors (J.C. and J.Y.), and the following informationwas collected:
(1) surname of the primary author; (2) year of publication; (3)
country of the study; (4) type of study design; (5) number, sex and
age of participants in each of the intervention and control groups;
(6) characteristics of interventions concerning content, frequency,
duration of each exercise mode; (7) the related outcomes of motor
ability or cognitive function; (8) the reportedmean pre-intervention
(Mpre), the reported mean post-intervention (Mpost), the standard
deviation from the pre-intervention (SDpre), the standard deviation
from the post-intervention (SDpost), and sample size (N) recorded
for each group prior to and following the intervention. The data
were used to calculate the differences of mean (Mdiff) and standard
deviation (SDdiff) in each outcome indicator before and after the
intervention. The calculations were executed as detailed below:

Mdiff =Mpost −MPre

SDdiff = √SDpre2 + SDpost2 − 2r+ SDpre× SDpost

If the study exclusively reported standard error (SE) or
confidence intervals (CIs), they were transformed into standard
deviation (SD) utilizing the following formula:

SD = SE×√N

SD = √N×
CIupper−CIlower

2t

In this context, CIupper refers to the higher limit of the
confidence interval, CIlower signifies the lower limit of the
confidence interval, and t corresponds to the t distribution with
N – 1 degrees of freedom for the appropriate confidence interval
(Cumpston et al., 2019). The details of outcome data for each study
are available in the Supplementary Table S3.

2.5 Risk of bias of individual studies

Two authors, J.C. and J.Y., independently evaluated the risk
of bias in the included studies using the Cochrane Risk of Bias
Instrument (Higgins et al., 2011). Studies were assessed for quality
on six criteria: (1) random sequence generation; (2) allocation
concealment; (3) blinding of participants and personnel; (4)
blinding of outcome assessment; (5) incomplete outcome data; (6)
selective reporting and (7) other bias. In addition, two independent
researchers (J.C. and Y.L.) used the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) to evaluate the
level of evidence of the meta-analysis (Guyatt et al., 2011).

2.6 Data synthesis and analysis

All analyses were performed in Stata software (v14.0;
StataCorp, College Station, TX, United States). Given the expected
heterogeneity among the studies, the meta-analysis was performed
using a generic inverse variance pooling method and pooled effect

sizes with a random-effects model using the random-effects model
(DerSimonian and Laird approach) to summarize the effects of VI
on motor ability or cognitive function to compare to control group
(Jackson et al., 2010). As all outcomes of interest were continuous
and potentially susceptible to slight sample bias, the standard mean
difference (SMD) with estimated Hedges’ g was selected as the
effect estimate instead of Cohen’s d (Cumpston et al., 2019). The
polled effect sizes for Hedges’ g were classified as small (0 ≤ g ≤
0.50), moderate (0.50 < g ≤ 0.80) and large (>0.80) (Cohen, 2013).
Statistical significance was set at p < 0.05.

Heterogeneity among studies was evaluated using the
inconsistency index (I2), which is based on the Cochran Q statistic
(Higgins and Thompson, 2002). The I2 statistic is the proportion
of the observed variance due to the actual between-study variance.
Values of 25%, 50% and 75% might be considered as low, moderate
and high, respectively. In search of a source of heterogeneity, we
selected the following variables for subgroup analyses: (1) study
design, (2) age, and (3) duration of training. Publication bias
in our study was assessed with Egger regression test and funnel
plots, the p > 0.05 was considered without any publication bias
(Egger et al., 1997). To further ensure the robustness of the bias
results, we usedDuval and Tweedie’s trim and fill method for further
verification (Duval and Tweedie, 2000).

In addition, random-effects meta-regression analyses were
conducted to assess whether the results might vary according to
differences in study design, age, and duration of training between
the intervention and control groups.

3 Results

3.1 Study selection

The electronic search strategy retrieved 365 records (PubMed =
96; Web of Science = 98; The Cochrane Library = 52; EBSCOhost
= 48; Embase = 71). After removing duplicate references and
screening titles and abstracts, 278 articles were excluded. Of the
remaining 278 articles, after full-text screening and checking the
reference lists of included studies, 25 were read in full. The
reasons for exclusion based on the full text were (1) inappropriate
intervention (7 articles), (3) Inappropriate comparison (3 articles),
and (4) Inappropriate outcomes (3 articles). The Kappa results
indicate that the two reviewers’ opinions are highly consistent
(P = 0.84, Supplementary Table S4). Therefore, 12 studies were
included in the final systematic review and meta-analysis (Romero-
García et al., 2021; Martínez-Velilla et al., 2021; Casas-Herrero et al.,
2022; Chen et al., 2023; Sánchez-Sánchez et al., 2022; Gutiérrez-
Reguero et al., 2024; Dobarro et al., 2023; Li et al., 2025;
Sáez de Asteasu et al., 2024; Mawadda et al., 2024; Soenarti et al.,
2024; Courel-Ibáñez et al., 2021). The study overview and PRISMA
flow diagram in the meta-analysis is shown in Figure 1.

3.2 Study characteristics

Table 1 presents the characteristics of the included studies.
Among the 12 studies, 5 articles were RCT (Martínez-Velilla et al.,
2021; Casas-Herrero et al., 2022; Gutiérrez-Reguero et al., 2024;
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FIGURE 1
The study overview and PRISMA flow diagram in the meta-analysis.

Dobarro et al., 2023; Li et al., 2025), 5 articles were clinical trial
(CT) (Romero-García et al., 2021; Chen et al., 2023; Sánchez-
Sánchez et al., 2022; Sáez de Asteasu et al., 2024; Courel-Ibáñez et al.,
2021), and 2 articles were quasi-experiment (Mawadda et al., 2024;
Soenarti et al., 2024). 12 studies were from 5 countries: Spain
(6 studies) (Martínez-Velilla et al., 2021; Casas-Herrero et al.,
2022; Gutiérrez-Reguero et al., 2024; Dobarro et al., 2023;
Sáez de Asteasu et al., 2024; Courel-Ibáñez et al., 2021), China (2
studies) (Chen et al., 2023; Li et al., 2025), Indonesia (2 studies)
(Mawadda et al., 2024; Soenarti et al., 2024), France (1 study)
(Sánchez-Sánchez et al., 2022), and Mexico (1 study) (Romero-
García et al., 2021). Publication dates ranged from 2020 to 2025. The
final analysis comprised 1,026 adults (61.3% female) with an average
age of 82.54.

All intervention components in 12 studies were based
on the Vivifrail multicomponent intervention and consisted
of four components: aerobic, progressive resistance, balance,
and flexibility training. All of these studies used the native
language of the country where the study was conducted to
communicate the content of the intervention to participants. The
content focuses on exercises for lower-limb muscles, including
seated squats, leg presses, and bilateral knee extensions, as
well as upper body workouts like the seated bench press. It
also includes balance and gait retraining activities, such as
semi-tandem walking, single-leg standing, stepping practice,
and navigating small obstacles. Proprioceptive exercises on
unstable surfaces, along with weight transfer drills between legs,
are also included. Most studies had a 12-week intervention

period, with three to five interventions administered per week.
Details about the content of the intervention program are
presented in Supplementary Table S5.

The outcome indicators in this study included physical function
measures (SPPB, ADL, and grip strength) as well as cognitive
function assessments (MMSE, MOCA). Most of the studies
incorporated at least two outcome metrics. Specifically, 11 studies
provided data for SPPB (Romero-García et al., 2021; Martínez-
Velilla et al., 2021; Casas-Herrero et al., 2022; Chen et al., 2023;
Sánchez-Sánchez et al., 2022; Gutiérrez-Reguero et al., 2024;
Dobarro et al., 2023; Li et al., 2025; Sáez de Asteasu et al., 2024;
Mawadda et al., 2024; Courel-Ibáñez et al., 2021), 6 studies
focused on cognitive function (Martínez-Velilla et al., 2021; Casas-
Herrero et al., 2022; Chen et al., 2023; Sánchez-Sánchez et al.,
2022; Gutiérrez-Reguero et al., 2024; Soenarti et al., 2024), 5
studies addressed ADL (Martínez-Velilla et al., 2021; Casas-
Herrero et al., 2022; Chen et al., 2023; Gutiérrez-Reguero et al.,
2024; Li et al., 2025), and 10 studies examined grip strength
(Romero-García et al., 2021; Martínez-Velilla et al., 2021; Casas-
Herrero et al., 2022; Chen et al., 2023; Sánchez-Sánchez et al.,
2022; Gutiérrez-Reguero et al., 2024; Sáez de Asteasu et al., 2024;
Mawadda et al., 2024; Courel-Ibáñez et al., 2021).

3.3 Risk of bias within studies

Thesummary results of theCochrane risk of bias assessment tool
are shown in Supplementary Figure S1. Two studies had a high risk
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TABLE 1 Characteristics of included studies.

Study Country Design Sample size Age range
(mean ± SD)

Women, N (%) Outcomes

Casas-Herrero et al.
(2022)

Spain RCT EX: 88
UC: 100

EX: 84.2 ± 4.8
UC: 84.0 ± 4.8

EX: 63 (71.6)
UC: 69 (69.0)

(1): SPPB;
(2): MOCA;
(3): ADL;
(4): Hand grip (kg).

Chen et al. (2023) China CT EX: 44
UC: 60

EX: 83 ± 1.5
UC: 86 ± 1.75

EX: 26 (59)
UC: 33 (55)

(1): SPPB;
(2): MMSE;
(3): ADL;
(4): Handgrip (kg).

Courel-Ibáñez et al.
(2021)

Spain Clinical trial EX: 12
UC: 12

EX: 87.2 ± 6.5
UC: 87.3 ± 7.7

14 (58.3) (1): SPPB;
(2): Handgrip (kg).

Dobarro et al. (2023) Spain RCT EX: 29
UC: 27

EX: 83.2 ± 5.1
UC: 82.6 ± 5.7

12 (21.4) (1): SPPB.

Gutiérrez-
Reguero et al. (2024)

Spain RCT EX: 17
UC: 19

EX: 86.2 ± 8.9
UC: 78.2 ± 9.8

EX: 12 (70.6)
UC: 14 (73.7)

(1): SPPB;
(2): MMSE;
(3): ADL;
(4): Handgrip (kg).

Li et al. (2025) China Randomized
controlled trial

EX: 30
UC: 29

EX: 75.33 ± 3.07
UC: 75.17 ± 3.59

EX: 19 (63.3)
UC: 16 (55.2)

(1): SPPB;
(2): ADL;
(3): Handgrip (kg).

Martínez-
Velilla et al. (2021)

Spain Randomized
controlled trial

EX: 54
UC: 49

EX: 87 ± 4
UC: 86 ± 5

EX: 25 (46.3)
UC: 28 (57.1)

(1): SPPB;
(2): MMSE;
(3): ADL;
(4): Handgrip (kg).

Mawadda et al.
(2024)

Indonesia Quasi-experiment EX: 25
UC: 25

EX: 72.56 ± 9.65
UC: 71.96 ± 8.34

EX: 13 (52)
UC: 14 (56)

(1): SPPB;
(2): Handgrip (kg).

Romero-García et al.
(2021)

Mexico CT EX: 33
UC: 28

EX: 71.43 ± 5.95
UC: 70.15 ± 3.65

61 (100) (1): SPPB;
(2): Handgrip (kg).

Sáez de Asteasu et al.
(2024)

Spain Clinical trial EX: 64
UC: 66

EX: 87.1 ± 4.7
UC: 88.4 ± 4.5

EX: 27 (42.2)
UC: 30 (45.5)

(1): SPPB;
(2): Handgrip (kg).

Sánchez-
Sánchez et al. (2022)

France CT EX: 88
UC: 100

EX: 84.2 ± 4.8
UC: 84.0 ± 4.8

EX: 60 (76.92)
UC: 60 (68.18)

(1): SPPB;
(2): MOCA;
(3): Handgrip (kg).

Soenarti et al. (2024) Indonesia Quasi-experiment EX: 17
UC: 10

EX: 67.47 ± 6.61
UC: 72.20 ± 3.91

EX: 11 (64.7)
UC: 8 (80)

(1): MOCA.

of bias in terms of blinding of participants and researchers (Casas-
Herrero et al., 2022; Courel-Ibáñez et al., 2021), two studies had a
high risk of bias in terms of incomplete outcome data (Sánchez-
Sánchez et al., 2022; Soenarti et al., 2024), and three studies had
a high risk of bias in terms of selective reporting (Dobarro et al.,
2023; Li et al., 2025; Soenarti et al., 2024). Additionally, the results of
the GRADE assessment show that the quality of evidence from the
meta-analysis is acceptable (Supplementary Figure S2).

3.4 Main results

Figures 2–5 present the forest plot of the effects of VI on four
outcomes. The results of meta-analysis show that compared with the
control conditions, VI interventions were associated with significant
increases in SPPB (SMD = 0.90; 95% CI: 0.50, 1.30; P < 0.001; I2

= 88.1%), cognitive function (SMD = 0.60; 95% CI: 0.34, 0.86; P <
0.001; I2 = 56.9%), and handgrip strength (SMD = 0.62; 95% CI:
0.37, 0.87; P < 0.001; I2 = 68.9%). However, there is no statistically
significant differences of VI on ADL (SMD = 0.87; 95% CI: −0.12,
1.85; P = 0.083; I2 = 95.7%).

Due to significant heterogeneity in all results. To identify
the source of heterogeneity, subgroup analyses were performed.
The results of the subgroup analyses showed no heterogeneity
in the effects of VI on SPPB and grip strength in frail
older adults aged greater than or equal to 80 years. There
was also no heterogeneity in the results of VI improving
cognitive function in frail older adults in non-RCT studies.
The results of subgroup analysis in the meta-analysis are shown
in Table 2.

Furthermore, meta-regression analyses were conducted to
explore the modifying effects of study design, age, and total training
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FIGURE 2
Effect of Vivifrail multicomponent training on SPPB.

FIGURE 3
Effect of Vivifrail multicomponent training on ADL.

FIGURE 4
Effect of Vivifrail multicomponent training on hand grip.
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FIGURE 5
Effect of Vivifrail multicomponent training on cognitive function.

duration. But we did not find a significant association between any
other variables of exercise and the effects of VI on SPPB, cognitive
function, ADL, and handgrip strength (p > 0.05 for all). Details of
the statistical results are available in Supplementary Table S6.

3.5 Publication bias

In the overall results, there is no risk of publication bias
was found in the meta-analysis for SPPB (Egger’s P value =
0.72), cognitive function (Egger’s P value = 0.64), ADL (Egger’s
P value = 0.60), and hand grip (Egger’s P value = 0.71)
(Supplementary Table S7). Also, the funnel plots for all outcomes
wereapproximatelysymmetrical, suggestingnosignificantpublication
bias (Supplementary Figure S3). Supplementary Table S7 shows that
the results are consistent or change very little in effect sizes before
and after the correction, suggesting that the results are robust and
that bias may not have had a significant impact on the overall
conclusions about effect sizes.

4 Discussion

This systematic review and meta-analysis provided the
first comprehensive evaluation of the impact of Vivifrail-based
multicomponent training on physical and cognitive function
in frail older adults. A total of 12 studies, involving 1,026
participants, were systematically reviewed. Among the four outcomes
assessed, significant beneficial effects were identified for SPPB,
cognitive function, and hand grip strength. However, no significant
impact was observed on ADL.

In recent years, accumulating evidence has shown that
multicomponent training is beneficial to physical function in older
adults. A meta-analysis comprising 13 studies demonstrated that
multicomponent training enhances physical function in healthy
older adults by increasing whole-body strength, walking speed,
and aerobic capacity (Labata-Lezaun et al., 2023). Another meta-
analysis of 14 studies by Linhares et al. showed that 27 weeks
of multicomponent training in older women with osteoporosis
improved strength and functional health and reduced the risk of
falls (Linhares et al., 2022). Moreira et al., Halvarson et al., and
Carter et al. further verified similar results in RCTs (Moreira et al.,

2021; Carter et al., 2002; Halvarsson et al., 2015). However, current
research on Vivifrail is inadequate. An RCT involving 188 frail older
adults demonstrated the potential for Vivifrail to raise physical
function (Sánchez-Sánchez et al., 2022). The results of this study
showed a significant increase in SPBB in the Vivifrail group
compared to the control group (β = 0.42; 95% CI = 0.10, 0.74; P
< 0.001). In another RCT study, Chen et al. intervened with 104
frail older adults who were randomly assigned to participate in
either the 12-week home-based, individualized Vivifrail program
or usual care (Chen et al., 2023). After 8 weeks of intervention,
assessed using the SPPB, participants showed a slight but significant
improvement in physical function. Consistent with the literature
above, our meta-analysis revealed that Vivifrail had beneficial
effects on SPPB and grip strength compared to the control group.
These results further support the existing evidence suggesting
that performing Vivifrail helps improve physical function in frail
older adults.

The benefits of Vivifrail in frail older adults may be related to
the upregulation of local expression of insulin-like growth factor
1 (IGF-1) in skeletal muscle (Chen et al., 2024). As a crucial
driver of muscle growth and regeneration, IGF-1 not only induced
skeletal myotube hypertrophy through PtdIns-3-OH kinase (PI
(Clegg et al., 2013) K)/Akt/mammalian target of rapamycin (mTOR)
and PI (Clegg et al., 2013) K/Akt/glycogen synthase kinase 3 (GSK3)
pathways (Rommel et al., 2001). It can also inhibit the transcriptional
upregulation of key mediators involved in skeletal muscle atrophy,
specifically the ubiquitin ligases MuRF1 and MAFbx (Glass, 2005).
Additionally, the improvement of physical function is influenced
by a range of factors, including age, gender, diet, and lifestyle
(Nunes et al., 2022; Zhu et al., 2022).This explains why, in the results
of this research, Vivifrail had a limited effect on SPPB and grip
strength or even failed to affect ADL. Given that inactivity lifestyles
in older adults can lead to an early loss of physical function, Vivifrail
should be maintained for a longer period. Therefore, more research
on the long-term effects of Vivifrail is needed in the future.

Exercise plays a crucial role in enhancing the cognitive
abilities of the elderly population. This enhancement can
be attributed to exercise’s ability to increase the levels of
neurotrophins, particularly brain-derived neurotrophic factor
(BDNF), which supports cell survival, neurite outgrowth, and
synaptic plasticity (Coelho et al., 2014; Cotman and Berchtold, 2002;
Stigger et al., 2019). Furthermore, regular physical activity improves
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TABLE 2 The results of subgroup analysis.

Outcome N SMD (95% CI) I2 (%) P value (heterogeneity)

Subgroup

SPPB

Design
RCT 442 0.90 (0.48–1.32) 74.10% <0.001

non-RCT 560 0.93 (0.24–1.61) 92.30% 0.004

Age
<80 197 0.60 (0.13–1.06) 91.10% <0.001

≥80 905 1.03 (0.51–1.55) 56.00% 0.1

Duration
<12 weeks 130 0.304 (−0.04–0.65) NA NA

≥12 weeks 872 0.98 (0.53–1.42) 88.50% <0.001

Cognition

Design
RCT 327 0.79 (0.26–1.33) 77.20% 0.012

non-RCT 319 0.43 (0.20–0.65) 0.00% 0.433

Age
<80 27 0.73 (−0.07–1.55) NA NA

≥80 619 0.59 (0.31–0.88) 64.60% 0.023

Duration
<12 weeks — — — —

≥12 weeks — — — —

ADL

Design
RCT 286 0.32 (−0.16–0.80) 78.50% 0.003

non-RCT 104 3.03 (2.45–3.60) NA NA

Age
<80 — — — —

≥80 — — — —

Duration
<12 weeks — — — —

≥12 weeks — — — —

Hand grip

Design
RCT 386 0.57 (0.24–0.91) 55.40% 0.081

non-RCT 557 0.68 (0.29–1.07) 77.40% <0.001

Age
<80 170 0.53 (0.25–0.81) 69.80% 0.003

≥80 773 0.87 (0.40–1.34) 54.80% 0.11

Duration
<12 weeks 154 0.61 (0.33–0.89) 70.20% 0.001

≥12 weeks 789 0.85 (−0.29–1.99) 81.40% 0.02

cerebrovascular and endothelial function, reduces oxidative stress
and systemic inflammation, and aids in regulating immune function
(Phillips et al., 2015; Walsh et al., 2011). Collectively, these benefits
may help prevent or reverse age-related neuronal dysfunction.
To evaluate cognitive function, tools such as the MMSE and
MoCA are widely used (Folstein et al., 1975; Nasreddine et al.,
2005). An increasing number of studies are employing both
assessments as cognitive screening tools for older adults. For
instance, one systematic review and meta-analysis involving 909
elderly individuals with Alzheimer’s disease found that aerobic
exercise increased the overall MMSE score by 1.50 (weighted
mean difference), which is clinically significant for Alzheimer’s

patients (Zhang et al., 2022). In another study, a meta-analysis
focusing on adults aged 60 and older examined the effect of multi-
component training on cognitive function in elderly individuals
without cognitive impairment (Borges-Machado et al., 2021).
This study utilized a simple mental state assessment along with
the MoCA to evaluate overall cognitive function. The findings
revealed that compared to the control group, multi-component
training significantly improved cognitive function (standardized
mean difference = 0.58, 95% CI: 0.34–0.81, I2 = 11%; P < 0.001).
Despite these promising findings, a systematic review or meta-
analysis investigating the impact of Vivifrail on cognitive function
has not yet been conducted.Our study seeks to fill this gap.We found
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that Vivifrail interventions administered three to five times a week
over approximately 12weeks can lead to significant improvements in
cognitive function. While these results are consistent with previous
clinical findings, the cognitive changes observed in this model are
modest. Therefore, future research should focus on the clinical
significance of Vivifrail in relation to cognitive function in frail
elderly individuals.

Although it is the first systematic review and meta-analysis
examining the impact of Vivifrail intervention’s impact on physical
and cognitive function in frail older adults.However, some limitations
should be acknowledged. First, we conducted a comprehensive study
of mainstream databases, but were limited by the small number of
studies. We included only 12 papers with 1,026 frail older adults.
Follow-up studies should use designs with larger sample sizes to
improve the precision and external validity of the results. Secondly,
despite our attempts to explain heterogeneity using meta-regression
and subgroup analysis, the diversity of study designs (randomised
controlled trials, controlled trials, quasi-experimental studies) and the
complexity and multidimensional nature of frailty, particularly when
associated with multiple diseases, remain significant challenges. Our
meta-analysis results still exhibit significant heterogeneity. Therefore,
resultsmust be interpretedwith caution, as these differencesmay have
a significant impact on the outcomes of the Vivifrail intervention.
Lastly, the duration of the included Vivifrail intervention ranged
from 1 to 24 weeks, with a single trial extending to 6 months.
Considering the necessity for optimal efficacy in clinical and public
health practices, it is essential that the health benefits of long-term
exercise interventions be addressed in future large-scale randomized
controlled trials, despite organizations like the National Institute for
Health andCare Excellence (NICE) primarily emphasizingRCTswith
a minimum follow-up of 12 months.

5 Conclusion

This systematic review and meta-analysis investigated the
effects of Vivifrail-based multicomponent training on physical and
cognitive function in frail older adults. SPPB, ADL, and hand grip
strength were used as outcome measures for physical function,
while MMSE and MOCA served as proxies for cognitive function.
We employed an algorithmic strategy to standardize and integrate
the diverse data, allowing for a unified comparison of the impact
of Vivifrail. By evaluating 12 trials covering four distinct health
outcomes, we found that Vivifrail-based multicomponent training
significantly improved physical function (SPPB, hand grip) and
cognitive function, but did not affect ADL compared to usual
care. These results address a research gap regarding the role of
such programs in enhancing physical and cognitive health in frail
older adults, and provide a solid theoretical foundation for clinical
research and policy development.
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