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A B S T R A C T

Objectives: With increasing global life expectancy, cognitive interventions hold promise in mitigating cognitive
decline and fostering healthy aging. Despite the demand for evidence-based interventions, there have been few
attempts to summarize existing evidence. This study aims to assess the effectiveness and feasibility of unimodal
and multimodal cognitive interventions for cognitively healthy older adults.
Method: Systematic meta-review, selecting articles from four databases: PubMed, Web of Science, Embase, and
Cochrane Library. Quality assessment carried out with AMSTAR2. Findings were summarized and discussed
narratively.
Results: Thirty-nine articles were included, with 21 meta-analyses and 18 qualitative systematic reviews. The
total number of reviews was 38 for cognitive training, 4 for cognitive stimulation, and 1 for multicomponent
interventions. Most reviews had low or critically low quality.
Conclusions: The prevailing evidence supports cognitive training. Continued research into cognitive stimulation
and multicomponent protocols is encouraged. Longer follow-ups are important for identifying combined and
clinically significant results. Rigorous risk of bias and quality assessment is necessary to enhance the evidence
base.

Introduction

Life expectancy is increasing worldwide (Gauthier et al., 2022) with
the world population aged 65 years or over being projected to reach 994
million by 2030 and 1.6 billion by 2050 (United Nations Department of
Economic & Social Affairs, Population Division, 2022). By this year, the
World Population Prospects 2022 suggests that there will be more than
twice as many persons over this age as children under 5 years old
worldwide, and a 65-year-old individual is expected to live for
approximately 20 more years (United Nations Department of Economic
& Social Affairs, Population Division, 2022). This new demographic
configuration requires societies to adapt, promoting new health and
social care policies to provide for the older population, preparing for the
changes that lie ahead.

With the increase in life expectancy, the prevalence of major neu-
rocognitive disorders should follow a corresponding progression (Ferri
et al., 2005; Prince et al., 2013). The global prevalence of dementia in
adults over 50 years old is estimated at 6.97 % (Cao et al., 2020) with
153 million people expected to be living with dementia worldwide by

2050 (GBD 2019 Dementia Forecasting Collaborators, 2022). The
annual global cost of dementia in 2019 was 1.3 trillion USD, with
approximately half of these costs being attributable to care provided by
family members and close friends (World Health Organization, 2023).
Large costs of healthcare needs often impact the families of people living
with dementia (PlwD) and their ability to work, particularly affecting
the economy and social care in low-income countries (Carvalho & Neri,
2019).

Albeit complex, reducing age-specific risk for dementia is feasible,
given changes in development and lifestyle (Langa, 2015). For example,
increases in education in early life and decreases in hypertension,
smoking, and diabetes across the life span have protective value (Prince
et al., 2013). Recent findings suggest that cognitive activities may help
reduce the risk of dementia and enhance latelife cognition, potentially
contributing to cognitive maintenance (Livingston et al., 2020), but the
quality of existing evidence has been questioned (Livingston et al.,
2024), limiting more consistent recommendations.

Also, there is considerable variability between individuals regarding
the susceptibility to both age-related and pathological brain changes for
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which cognitive reserve may be one of the factors responsible (Stern,
2012). Epidemiological evidence suggests that life experiences, even in
later life, can contribute to cognitive reserve (Stern, 2012). Interventions
for healthy older adults (HOA) that seek to improve functional and
cognitive abilities might be useful to slow age-related cognitive decline
and prolong healthy aging (Stern, 2012).

Cognitive interventions are usually classified as cognitive stimula-
tion (CS), cognitive training (CT) or cognitive rehabilitation (CR) (Clare
&Woods, 2004; Mlinac et al., 2022). CS involves engagement in a range
of activities and discussions, typically in a group, aimed at the general
enhancement of cognitive and social functioning (Clare &Woods, 2004;
Mlinac et al., 2022). CT refers to guided practices on a set of standard
tasks designed to reflect particular cognitive functions (Clare &Woods,
2004; Mlinac et al., 2022). CR employs a biopsychosocial approach to
identify and work towards achieving treatment goals that are relevant to
everyday functioning (Clare & Woods, 2004; Mlinac et al., 2022).

The World Alzheimer Report 2023 recommends that people keep
learning (Long et al., 2023), but it does not cite any structured protocol
that can be strongly recommended for the prevention of cognitive
decline in healthy older adults (for PwD, Cognitive Stimulation Therapy
is recommended; Spector et al., 2003; Gauthier et al., 2022). Despite the
demand for a reliable intervention and the diversity of empirical studies
and systematic reviews for specific types of intervention, there have
been few attempts to do a broad analysis of actual evidence. Gavelin
et al. (2020) conducted a recent overview, but included only unimodal
CS or CT interventions, excluding multimodal or other arrangements.
Considering this, the current systematic meta-review investigates the
effectiveness and feasibility of unimodal and multimodal cognitive in-
terventions designed for cognitively healthy older adults, based on the
available scientific literature.

Methods

Literature search

Reviewed articles were selected according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA; Page et al.,
2021) guidelines and the systematic review protocol was registered in
PROSPERO (CRD42023387917). Each search term was systematically
searched on the PubMed, Web of Science, Embase and Cochrane Library
databases, considering articles published until the 2nd of April 2024.

The following keywords were used: (("cognitive stimulation") OR
("cognitive training")) AND (("older adults") OR (elderly)) AND
(((((((dementia) OR ("cognitive decline")) OR (AD)) OR (Alzheimer*))
OR (MCI)) OR ("cognitive impairment")) OR ("neurocognitive disor-
der*")) AND ((systematic reviews) OR (meta-analysis)).

Study selection

This systematic meta-review includes peer-reviewed systematic re-
views and meta-analyses with cognitive, affective and/or functional
outcomes. Eligible studies met the following criteria: psychosocial in-
terventions for cognitively healthy older adults, with an average age
greater than or equal to 50 years old. We accepted any definition of
“healthy older adults” established by the review authors.

We initially planned to include only studies with an average age
greater than 60 years. However, as we observed that some studies
considered participants over 50 years old as healthy older adults, to
conduct a comprehensive overview, these articles were not excluded.
Systematic reviews and meta-analyses including studies with healthy
older adults and clinical groups, or with healthy older adults and other
age groups, were included only if the data of our population of interest
(cognitively healthy older adults) could be sorted from other pop-
ulations and had at least 3 studies with healthy older adults included in
the review.

Publications were excluded if: (1) focused on any special clinical

group (dementia, diabetes, HIV, frailty, orthopedic surgeries, etc.) or (2)
other ages; (3) did not include psychosocial interventions, (4) were not
systematic reviews/meta-analyses, (5) no cognitive, affective or func-
tional data from healthy participants were available, (6) were not peer
reviewed articles (e.g. conference papers, protocols, etc.) or (7) not
written in English. Fig. 1 displays the process of study identification. A
list of studies excluded by full text screening is available on Supple-
mentary Material A.

Data extraction

The study was carried out using the Rayyan software (Ouzzani et al.,
2016). Two authors (V.V. and S.L.T. or I.B.) independently screened
abstracts for inclusion, blinded by the software. Disagreements were
resolved after discussion between the authors. Full-text screening was
carried out with the same procedure, using independent spreadsheets.

From selected studies, the following information was extracted: au-
thors, year of publication, type of intervention, number of studies
included, study design, sample size and mean age, intervention and
session duration and frequency, outcome domains, relevant findings and
quality/risk of bias assessment. Data were extracted independently by
two authors (V.V. and S.L.T or I.B.) and disagreements were resolved by
comparing observations and reaching a consensus. Results were sum-
marized and discussed narratively.

We classified the studies by intervention type (e.g., CT, CS, multi-
component interventions) according to definitions established in pri-
mary systematic reviews. In addition, practices were highlighted when
associated with physical exercises done simultaneously (dual tasks) or
sequentially (one followed by the other), or carried out separately in
multicomponent interventions. Multicomponent interventions that also
had nutritional, medical, and occupational monitoring were also
accepted.

Primary reviews that included only cognitive training interventions
carried out on a computer or digital device were classified as
“computerized cognitive training”. If any type of cognitive training was
allowed, including paper and pencil or digital activities, we classified it
as “cognitive training” without additional elucidation.

Risk of bias (quality) assessment

The quality assessment was carried out with the AMSTAR2 tool
(Shea et al., 2017), designed specifically for assessing the quality of
systematic reviews and meta-analyses. Initially, it was planned to also
use the criteria proposed by Kmet et al. (2004), but we observed that the
majority of items would only be suitable for evaluating empirical
studies.

The following were classified as critical appraisal questions, deter-
mining the overall confidence level of each study: (1) “Did the review
authors use a comprehensive literature search strategy?”, (2) “Did the
review authors describe the included studies in adequate detail?”, (3)
“Did the review authors use a satisfactory technique for assessing the
risk of bias (RoB) in individual studies that were included in the re-
view?”, (4) “If meta-analysis was performed, did the review authors use
appropriate methods for statistical combination of results?”, (5) “If
meta-analysis was performed, did the review authors assess the potential
impact of RoB in individual studies on the results of the meta-analysis or
other evidence synthesis?”, (6) “Did the review authors account for RoB
in individual studies when interpreting/discussing the results of the
review?”, (7) “Did the review authors provide a satisfactory explanation
for and discussion of any heterogeneity observed in the results of the
review?”.

A partial yes was considered as “yes” for the purpose of overall
confidence classification. Results for each quality criteria and overall
confidence ratings across included reviews are available on Figs. 2 and
3. Complete AMSTAR 2 checklist (Shea et al., 2017), a description of
quality criteria and the scheme for interpreting weaknesses detected in
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critical and non-critical items are available in SupplementaryMaterial B.

Results

Thirty-nine articles were included, with 21 meta-analyses and 18
qualitative systematic reviews. More than half (23) of the studies also
accepted clinical populations. In these cases, data were extracted if (1)
clinical trials only included healthy participants or (2) separated meta-
data for healthy populations were available. Twenty-nine articles

reported the mean population age, of which 23 were between 70 and 80
years. None of them had an average of <60 or >80 years. The largest
sample size was 8732 (Mendonça et al., 2022) and the smallest was 163
(ten Brinke et al., 2017). Twenty-three studies included only random-
ized clinical trials (RCT) study designs.

Most of the studies did not fully describe settings. The majority of
reviews included studies with passive (P.C.) and/or active (A.C.) control
groups. A few exceptions included no control (e.g. Webb et al., 2021),
other interventions (e.g. Ishibashi et al., 2023), or unclear controls (e.g.

Fig. 1. PRISMA flowchart of study identification, screening, assessment of eligibility and inclusion for synthesis.
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Fan & Wong, 2019).
Most reviews (29) had low or critically low quality. Only ten reviews

(25.64 %) had at least moderate quality, and none were classified as
high quality. The main critical flaws were unsatisfactory techniques and
insufficient discussion for risk of bias (RoB) assessment and outcomes. A
full description of instruments and results for risk of bias/ quality
assessment carried out in each systematic review is available in Sup-
plementary Material C.

Almost all studies included PICO (Population, Intervention, Context
and Outcome measures; Schardt et al., 2007) descriptions, did a
comprehensive search strategy, discussed possible sources of heteroge-
neity and reported potential conflicts of interest. Results for individual
quality domains and overall confidence across reviews are reported in
Figs. 2 and 3. Detailed assessment for individual reviews is available in
Supplementary Material B. Findings were divided by type of interven-
tion and reported below (for characteristics of the included studies, see
Tables 1–3).

Cognitive training

Findings from meta-analyses
In total, there were 19 meta-analyses structured on CT. Out of these,

7 included any form of CT (Papp et al., 2009; Valenzuela & Sachdev,
2009; Martin et al., 2011; Kelly et al., 2014, Mewborn et al., 2017;
Nguyen et al., 2021; Li et al., 2024), 4 focused only on computerized CT
(Lampit et al., 2014; Webb et al., 2018; Basak et al., 2020; Gates et al.,
2020), 4 investigated multimodal CT and physical exercise (PE)
(Bruderer-Hofstetter et al., 2018; Guo et al., 2020; Gavelin et al., 2021;
Wu et al., 2023), 2 compared CT with PE interventions (Hindin &
Zelinski., 2012 ; Karr et al., 2014), and 1 included only prospective
memory training (Tse et al., 2023). Yun and Ryu (2022) included any
form of CT, but also included one study with mixed CS plus CT.

Most (16) studies selected only RCTs. Also, 2 included any pre- and
post-test design with a control group (Hindin & Zelinski., 2012; Nguyen
et al., 2021) and 1 included any type of clinical trial (Karr et al., 2014).
Between 7 to 161 studies were included in each meta-analysis, with a
sample size between 670 and 13,797 participants and amean age of 71.9
years. In these studies, CT (applied with or without other interventions)

Fig. 2. Results for each quality criteria across included reviews. *Critical domains for qualitative reviews. † Critical domains for meta-analysis.

Fig. 3. Overall confidence ratings across included reviews.
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Table 1
Systematic reviews and meta-analysis about cognitive training interventions.

Main Author (Year) Studies
Included (n)

Study Design Sample Size
(mean age)

Duration and Frequency Outcome Domains Review Outcome

Meta - analyses

Papp et al. (2009) 10 RCT 4009
(74.1)

6 - 90 weeks;
30 - 180 min/sess; 1 - 5
sess/week

GC, WM/Divided Att., Inhibition, Planning/
CF, PS, RT/Motor Speed, Mem., VSF, ADLs

Small effect of PS interventions on overall cognition; very small for all cognitive
interventions across all outcomes, and for Mem., Reas. and multimodal
interventions; similar effects with A.C. and P.C. I2: n/c

Valenzuela and Sachdev (2009) 7 RCT 6339
(n.f.d)

5 - 30 weeks;
60 - 90 min/sess;
1 - 4 sess/week

Att., EF, Mem., Verbal Learning, VSF Large overall effect size compared with P.C.; RCTs with follow-up > 2 years had
similar E.S. as shorter follow-ups (sensitivity analysis) I2: n/c

Martin et al. (2011) n.f.d. RCT n.f.d
(n.f.d.)

n.f.d. Mem. Better Mem. score than P.C. but not than A.C. I2. n.f.d.

Hindin and Zelinski (2012) 25 pre- post- test
with C.G.

2765
(69.9)

2 - 12 weeks EF, Choice RT, Mem. Small effect on untrained cognitive tasks. Better study quality linked with ESs.
I2: n/c

Karr et al. (2014) 23 clinical trial 1061
(72.3)

4 - 96 weeks;
15 - 240 min/sess; < 1 - 5
sess/week

EF (Att., VF, WM, Inhibition, Problem-
Solving)

Significant effect for EF. I2: n.f.d.

Kelly et al. (2014)1 23 RCT 5037
(54 - 99)

2 - 96 weeks;
15 - 120 min/sess;
1 - 5 sess/week

GC, EF (Att., WM, VF, Reas., PS), Mem., SCP,
Daily Function

Compared to A.C., moderate (WM; I2: 84 %) to large (PS; I2: 75 %) effects for EF,
small ES for cognitive function (I2: 0 %). Compared to A. C. and P.C., mixed
findings for different types of Mem., with small to moderate effects. Transfer and
maintenance linked with adaptive training (≥ 10 sess and a long-term follow-
up).

Lampit et al. (2014) 51 RCT 4885
(70.8)

2 - 16 weeks;
15 - 120 min/sess; 1 - 7
sess/week

GC, Att., EF, WM, PS, Mem., VSF Small ES on overall cognition (I2: 29.9 %), nonverbal Mem. (I2: 24.5 %), WM (I2:
45.6 %) and VSF (I2: 42.7 %). Moderate ES on PS (I2: 84.5 %). Very small ES for
verbal Mem. (I2: 50.1 %). No effect for EF (I2: 31.8 %) and Att. (I2: 62.9 %).
Home-based less effective than group training, and > 3 sess/week was
ineffective versus ≤ 3.

Mewborn et al. (2017) 48 RCT 3718
(77.0)

1 - 90 weeks;
6 - 180 min/sess;
1 - 7 sess/week

GC, Att., EF, WM, PS, Reas., Mem., Lang.,VSF Small effect on overall cognition relative to A.C. and P.C. (I2: 57 %).

Bruderer-Hofstetter et al. (2018) 11 RCT 670
(71.5)

4 - 24 weeks;
20 - 90 min/sess;
1 - 3 sess/week

GC, Att., EF, Mem., IADLs, Percep. Motor
Function

Effective for overall cognition (I2: 4 %); best ranked: aerobic exercise (interval)+
CT (Israel method).

Webb et al. (2018) 51 RCT 4885
(70.8)

2 - 16 weeks;
15 - 120 min/sess; 1 - 7
sess/week

EF, STM, PS, Fluid Reas., Long-Term Storage/
Retrieval, VSF

Differences from Lampit et al. (2014). Moderate effect for PS (I2: 87.3 %). Small
ES for VSF (I2: 15.4 %), ES (I2: 24.0 %), long-term storage and retrieval (I2: 67.0
%) and STM (I2: 44.6 %). No effects for fluid Reas. (I2: 61.1 %).

Basak et al. (2020) 161 RCT 13,797
(70.3)

uni: 1 - 12
multi: 1 - 90 weeks

GC, EF, PS, Reas., Mem., Lang., Daily
Function

Small net gain on overall cognition (I2: 82.3 %), for unimodal(I2: 84.0 %) or
multimodal training (I2: 82.3 %), and for near (I2: 85.4 %) and far (I2: 82.3 %)
transfer. Larger ES for near transfer, lower educational level and fewer
outcomes.

Gates et al. (2020) 8 RCT 1183
(74.5)

12 - 26 weeks;
10 - 90 min/sess;
1 - 3 sess/week

GC, Att., EF, WM, PS, VF, Episodic Mem.,
QoL/ Well-Being

Small effect on global cognition compared to A.C. (after 3 months) (I2: 0 %), and
on episodic Mem. compared to P.C. (after 6 months) (I2: n/a).

Guo et al. (2020) 14 RCT 1012 (71.8) 7 - 24 weeks; 15 - 150 min/
sess; 1 - 10 sess/week

EF: Complex EF, Inhibition, Shifting Small effect for EF (I2: 23.3 %).

Gavelin et al. (2021)
27 RCT 2620

(73.4)
4 - 24 weeks;
15 - 105 min/sess; 1 - 6
sess/week

GC, EF, WM, STM, PS, Fluid Reas., Long-Term
Mem., Visual Process.

Small effect for overall cognition (I2: n/c).

Nguyen et al. (2021) 37 pre- post- test
with C.G.

2511
(71.2)

2 - 16 weeks;
10 - 90 min/sess; 1.3 - 7.5
sess/total

Att., EF, PS, Fluid Reas., Lang., Mem., VSF,
Daily Function

After adjusting for publication bias, only small E.S. for PS remained significant
(I2: 69.2 %).

Yun and Ryu (2022) 29 RCT n.f.d.
(70.6)

n.f.d. GC, ADLs, IADLs, QoL, Depr. Small effect for overall cognition. (I2: 29.3)

Tse et al. (2023) 4 26 RCT 1504 (71.0) n.f.d. Prospective Memory Medium E.S. (I2: 73.0 %), mainly based on single-session training.
Wu et al. (2023) 16 RCT 910 (71.4) 4 - 16 weeks; 30 - 150 min/

sess; 1 - 6 sess/week
Working Memory Small E.S. (I2: 0 %) for combined interventions (PE + CT).

(continued on next page)
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Table 1 (continued )

Main Author (Year) Studies
Included (n)

Study Design Sample Size
(mean age)

Duration and Frequency Outcome Domains Review Outcome

Li et al. (2024) 20 RCT 1624 (69.9) 1 - 16 weeks; GC, Att., EF, Reas., Mem., Lang., VSF Small overall ES (I2: n/c). No effect when engagement < 60 % or persistence <
80 %.

Systematic Reviews

Kueider et al. (2012) 38 pre- post- test
design

3205
(50 - 96)

2 - 68 weeks;
15 - 240 min/sess;
1 - 7 sess/week.

GC, Att., EF, WM, PS, RT, Mem., VSF Overall, improvement on trained domain. PS and RT outcomes: larger median
ESs. Classic CT and neuropsychological softwares: large median ES for PS.
Videogames (VG): moderate median ES. CT and VG: moderate median ES for RT.

Reijnders et al. (2013)1,2 13 RCT 1432
(69.7)

2 - 12 weeks;
20 - 120 min/sess; 2 - 5
sess/week

GC, Att., EF, WM, PS, Reas., Mem., SCP,
Percep., Daily Function, Mood

Some efficacy in improving Mem., EF, PS, Att., fluid intelligence, subjective and
overall cognition. No generalization for daily functioning.

Law et al. (2014) 3 RCT, NRCT 480
(71.8)

8 - 48 weeks;
40 - 150 min/sess (CT: 40 -
90;
PE: 45 - 150);
1 - 3 (CT: 1 - 2; PE: 1 - 3)
sess/week

GC, EF, Mem., Episodic Mem., SCP, Somatic
Function, Daily Function, Mood, Apathy,
Relationships

Mixed findings for GC and Mem.

Lauenroth et al. (2016) 13 clinical trial 883
(74.1)

4–30 weeks; 30–60 min/
sess (simul.) or [PE: 30–60
+ CT: 10–90] (seq.);
1–5 sess/week (simul.) or
[PE: 1–4 + CT: 1–5] (seq.)

GC, Att., EF, WM, RT, Inhibition, Mem.,
Lang., Calculation, VSF, Praxis, ADLs

Most studies reported post-intervention improvements in trained cognitive
functions.

Mowszowski et al. (2016) 13 RCT, quasi-RCT 4120
(70)

2 - 16 weeks;
53 - 90min/sess; 1 - 2 sess/
week

WM, CF, Inhibition, Reas., Planning,
Phonemic VF, Problem-Solving, IADLs, Daily
Function

Most studies with moderate to large ES, focusing on inductive Reas. Evidence of
sustained benefits and far transfer.

Butler et al. (2017) 6 RCT 4357
(n.f.d.)

2 - 24 weeks;
20 - 120 min/sess; 1 - 5
sess/week

Att., EF, PS, VF, Reas., Problem-Solving,
Mem., Lang., VSF, ADLs, IADLs, Daily
Function

Moderate-strength evidence of improvement on the domain trained. Results
driven by 1 large trial.

Shah et al. (2017) 26 RCT, quasi-RCT,
follow-up

5381
(50 - 95)

3 - 24 weeks;
15 - 75 min/sess;
2 – 5 sess/week

GC, Att., EF, WM, CF, PS, RT, Reas., Problem-
Solving, Mem., Lang., VSF, SCP, Praxis,
Speech-in-Noise Percep., IADLs., Daily
Function, HRQoL, Well-Being

Near transfer for the domain trained (programs with level I and II evidence).
Improvement in PS (level II). Far transfer for IADLS and HRQoL only in> 5 years
follow-up (level I) and well-being (level III). Twelve out of 19 studies were
conducted/funded by the program’s company.

ten Brinke et al. (2017) 6 RCT, quasi-exp. 163
(69.7)

1 - 17 weeks;
30 - 60 min/sess; 3 - 6 sess/
week

GC, EF, WM, PS, RT, Reas., Mem. Inconclusive results because most studies have no control group.

Alnajjar et al. (2019) 15 pre- post- test
design

3199
(57 - 84)

4 - 32 weeks;
20 - 60 min/sess;
1 - 5 sess/week.

GC, Att., EF, WM, PS, RT, Reas., Controlled
Process., Problem- Solving, Mem., Lang.,
Spatial Navigation, ADLs, Well-Being, Depr.

Inconclusive results due to mixed findings and study designs.

Fan and Wong (2019) 9 RCT 6554
(71.0)

10 - 36 sessions GC, WM, PS, Reas., Mem., VSF, IADLs IADLs improved. Evidence of improvement for GC, and for Mem. and Reas. in
domain specific interventions (near transfer).

Nguyen et al. (2019) 20 pre- post- test
with C.G.

635
(69.4)

4 - 24 weeks;
15 - 90 min/sess;
1 - 5 sess/week

GC, Att., EF, WM, CF, Inhibition, PS, RT,
Reas., Dual-Task, Multi-task, Mem., VSF

Trained cognitive tasks improved, with mixed findings for untrained tasks.

Marr et al. (2020) 7 pre- post- test
design

1319
(70.0)

2 - 16 weeks;
30 - 90 min/sess;
1 - 3 sess/week

EF, WM, Reas., Divergent Thinking, Mem. Some evidence of efficacy for EF, Reas. and Mem.

Masurovsky (2020) 19 RCT n.f.d.
(n.f.d.)

n.f.d. Att., PS, Cognitive Control, Mem., Lang.,
Visuospatial construction

12 of 19 studies had near transfer. None which had significant effect for far
transfer (6) measured expectations, and only 1 included A.C.

Dhir et al. (2021) 5 pre- post- test
with C.G.

193
(n.f.d.)

n.f.d. Inhibition Only one study reached significance, with large ES for simultaneous combined
training on inhibition.

Intzandt et al. (2021)3 12 RCT; quasi-exp. 607 (68.1) 2 - 24 week;
45 - 120 min/sess;
1 - 5 sess/week

Att., EF, WM, VF, PS, Reas., Mem. Most studies reported significant effects on at least one measure of cognitive
functioning, especially memory.

Webb et al. (2021) 5 pre- post- test
design

1687
(72.2)

2 - 6 weeks;
30 - 120 min/sess; 1 - 3
sess/week

WM, PS, Mem. (objective and subjective) Inconclusive results due to mixed findings and study designs.

(continued on next page)
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programs had a duration between 1 and 96 weeks, with a range of 6 to
240 min for each session, and spanned from 10 weekly sessions to fre-
quencies lower than weekly. Sample size and intervention characteris-
tics were not described separately from CS and/or clinical populations in
Martin et al. (2011) and Yun and Ryu (2022). Hindin and Zelinski
(2012), Basak et al. (2020), Tse et al. (2023) and Li et al. (2024) did not
fully describe the intervention characteristics.

Overall, studies found small to large effects for processing speed
(Kelly et al., 2014; Lampit et al., 2014; Webb et al., 2018; Nguyen et al.,
2021), small to moderate effects for working memory (Kelly et al., 2014;
Lampit et al., 2014; Wu et al., 2023), very small to moderate effects for
memory (Webb et al., 2018; Gates et al., 2020; Tse et al., 2023), and very
small to small effect for global cognitive function (Papp et al., 2009;
Kelly et al., 2014; Lampit et al., 2014; Mewborn et al., 2017; Bruder-
er-Hofstetter et al., 2018; Webb et al., 2018; Basak et al., 2020; Gates
et al., 2020; Gavelin et al., 2021; Yun & Ryu., 2022; Li et al., 2024) and
executive functions (Hindin & Zelinski., 2012; Karr et al., 2014; Kelly
et al., 2014; Guo et al., 2020). Kelly et al. (2014) foundmoderate to large
ESs for executive functions and reported that effects of transfer and
maintenance of intervention were most commonly reported with at least
10 adaptive training sessions and a long-term follow-up. Li et al. (2024)
found no overall effect when engagement of participants < 60 % (i.e.
ratio of enrolled participants to the total number of eligible subjects who
were invited to participate in cognitive training), or persistence < 80 %
(i.e. calculated by dividing the number of participants who completed
the training and post-training assessment by the initial training group
size). Findings for specific subtypes of CT or comparisons are reported
below.

Computerized cognitive training. Four meta-analyses focused exclusively
on CT interventions that were performed on digital devices (Lampit
et al., 2014; Webb et al., 2018; Basak et al., 2020; Gates et al., 2020) and
had RCT as the study design. Webb et al. (2018) used the same dataset as
Lampit et al. (2014), categorizing cognitive outcomes differently. Be-
tween 8 to 161 studies were included in each meta-analysis, with a
sample size between 1183 and 13,797 and a mean age of 71.6 years. In
these studies, CT had an intervention duration of 1 to 26 weeks, with a
range of 10 to 120 min for each session and 1 to 7 sessions per week.

Overall, studies found a small effect of computerized CT on overall
cognition. Lampit et al. (2014) and Webb et al. (2018) found moderate
effects on processing speed and small effects on visuospatial function.
Different from Lampit et al. (2014), Webb et al. (2018) found a small
effect of computerized CT on executive functions analyzing the same
dataset. Some evidence of improvement in different aspects of memory
(Lampit et al., 2014; Webb et al., 2018; Gates et al., 2020). Mixed and
inconclusive findings have been observed in other cognitive domains.
Basak et al. (2020) found larger effect sizes for near transfer in studies
with lower educational levels and with fewer cognitive outcomes.

Cognitive training combined with physical exercise. In total, there were 4
meta-analyses structured on multimodal approaches combining CT and
PE (Bruderer-Hofstetter et al., 2018; Guo et al., 2020; Gavelin et al.,
2021; Wu et al., 2023), performed simultaneously or sub-
sequently/sequentially. All selected only RCT as the study design. Be-
tween 11 to 27 studies were included in each meta-analysis, with a
sample size of between 670 and 2620 and a mean age of 72.0 years.
Combined CT and PE had an intervention duration of 4 to 24 weeks, with
15 to 150 min for each session and 1 to 10 sessions per week.

Studies reported a small effect of multimodal interventions for
overall cognition (Bruderer-Hofstetter et al., 2018; Gavelin et al., 2021)
in comparison with passive, active, and unimodal-intervention controls
together. Guo et al. (2020) and Wu et al. (2023) reported small effect in
comparison with controls, and no effect in comparison with unimodal
intervention (either single CT or single PA) on executive functions (Guo
et al., 2020) and working memory (Wu et al., 2023).
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Cognitive training compared with physical exercise. In total, there were 2
meta-analyses focused on comparing CT with PE interventions (Hindin
& Zelinski., 2012; Karr et al., 2014). Hindin and Zelinski (2012)
included 42 (CT: 25; PE:17) studies with pre- and post-test design and a
control group, with a sample size of 3781 and a mean age of 69.2 years
(CT: 69.9; PE: 67.9). Karr et al. (2014) included 46 (CT: 21; PE: 23; Both:
2) studies with any type of clinical trial, with a sample size of 2013 (CT:
1061; PE: 1038) and a mean age of 73.6 years (CT: 72.3; PE: 74.9). CT
had an intervention duration of 2 to 96 weeks, with a range of 15 to 240
min for each session, and <1 to 5 sessions per week. PE had an inter-
vention duration of 8 to 52 weeks, with a range of 30 to 120min for each
session and 1 to 5 sessions per week.

Karr et al. (2014) found a small and significant effect only for CT in
overall executive functions. The largest effect found for executive
functions was for problem-solving. Hindin and Zelinski (2012) analyzed
aerobic physical interventions along more cognitive outcomes and
found a small effect both for aerobic exercise and CT on untrained do-
mains - far transfer for reaction time, memory and executive functions -
with a better study quality associated with larger Ess.

Findings from systematic reviews
In total, there were 20 qualitative systematic reviews structured on

CT. Out of these, 9 included any form of CT (Reijnders et al., 2013;
Mowszowski et al., 2016; Butler et al., 2017; Fan&Wong, 2019; Nguyen
et al., 2019; Marr et al., 2020; Webb et al., 2021; Mendonça et al., 2022;
Sáez-Gutiérrez et al., 2024), 6 focused only on computerized CT
(Kueider et al., 2012; Shah et al., 2017; ten Brinke et al., 2017; Alnajjar
et al., 2019; Masurovsky, 2020; Ishibashi et al., 2023), 3 investigated
multimodal approaches combining CT and physical exercise (PE) (Law
et al., 2014; Lauenroth et al., 2016; Dhir et al., 2021), 1 compared CT
with PE interventions (Intzandt et al., 2021), and 1 accepted only pro-
spective memory training (Tse et al., 2023).

Five studies selected only RCT as the study design (Reijnders et al.,
2013; Butler et al., 2017; Fan & Wong, 2019; Masurovsky, 2020;
Sáez-Gutiérrez et al., 2024), 5 included any pre- and post-test design
with a control group (Kueider et al., 2012; Alnajjar et al., 2019; Nguyen
et al., 2019; Dhir et al., 2021; Ishibashi et al., 2023), 2 included RCT and
quasi-experimental studies (ten Brinke et al., 2017; Intzandt et al.,
2021), 2 included any pre- and post-test design with or without a control
group (Marr et al., 2020; Webb et al., 2021), 1 included RCT and
non-randomized controlled trials (NRCT) (Law et al., 2014), 1 included
any type of clinical trial (Lauenroth et al., 2016), 1 included RCTs and
quasi-RCTs (Mowszowski et al., 2016), 1 included RCTs, quasi-RCTs and
follow-up studies (Shah et al., 2017), 1 included only cohort studies
(Mendonça et al., 2022), and 1 included studies that applied
cross-sectional, longitudinal or both study designs (Tse et al., 2023).

Between 3 to 38 studies were included in each analysis, with a
sample size between 163 and 8732 participants and a mean age of 70.6
years. In these studies, CT programs (applied with or without other in-
terventions) had a duration of between 1 and 240 weeks, with a range of
10 to 240 min for each session and <1 to 10 sessions per week. Butler
et al. (2017) and Mendonça et al. (2022) did not fully describe popu-
lation age separately for HOA. Fan and Wong (2019) and Tse et al.
(2023) did not fully describe intervention characteristics. Masurovsky
(2020) and Dhir et al. (2021) did not fully describe either the sample or
intervention characteristics. Kueider et al. (2012), Shah et al. (2017),
Alnajjar et al. (2019) and Ishibashi et al. (2023) did not describe average
age.

Overall, studies have found some efficacy in improvement for trained
domains (Lauenroth et al., 2016; Shah et al., 2017; Butler et al., 2017;
Fan & Wong, 2019; Nguyen et al., 2019; Masurovsky, 2020), memory
(Reijnders et al., 2013; Shah et al., 2017; Butler et al., 2017; Fan &
Wong, 2019; Marr et al., 2020; Intzandt et al., 2021; Webb et al., 2021;
Mendonça et al., 2022; Tse et al., 2023), reasoning/fluid intelligence
(Reijnders et al., 2013; Mowszowski et al., 2016; Shah et al., 2017;
Butler et al., 2017; Fan & Wong, 2019; Marr et al., 2020), executive

functions (Reijnders et al., 2013; Butler et al., 2017; Marr et al., 2020),
attention (Reijnders et al., 2013; Shah et al., 2017; Butler et al., 2017),
processing speed (Kueider et al., 2012; Shah et al., 2017; Butler et al.,
2017), global cognition (Reijnders et al., 2013; Fan & Wong, 2019;
Ishibashi et al., 2023), and for daily functioning in the most recent
studies (Fan & Wong, 2019; Sáez-Gutiérrez et al., 2024).

Findings for specific subtypes of CT or comparison are reported
below.

Computerized cognitive training. In total, 6 qualitative analyses focused
exclusively on CT interventions that were performed on digital devices
(Kueider et al., 2012; Shah et al., 2017; ten Brinke et al., 2017; Alnajjar
et al., 2019; Masurovsky, 2020; Ishibashi et al., 2023). Three studies
included any pre- and post-test design with control group (Kueider et al.,
2012; Alnajjar et al., 2019; Ishibashi et al., 2023), 1 included RCTs and
quasi-experimental trials (ten Brinke et al., 2017), 1 included RCTs,
quasi-RCTs and follow-up studies (Shah et al., 2017), 1 included only
RCTs (Masurovsky, 2020).

Between 6 to 38 studies were included in each analysis, with a
sample size of between 163 and 5381 participants and average ages
between 50 and 96 years. Among these, computerized CT interventions
had a duration between 1 and 68 weeks, with 15 to 240 min for each
session, and 1 to 7 sessions per week. Masurovsky (2020) did not fully
describe the sample and intervention characteristics. Only ten Brinke
et al. (2017) described the mean sample age.

Overall, there was some evidence of post-intervention improvement
in trained cognitive domains (Kueider et al., 2012; Shah et al., 2017;
Masurovsky, 2020). Kueider et al. (2012) found moderate to large ef-
fects in classical CT, neuropsychological software (NS), and video games
(VG) for processing speed, and moderate effects of CT and VG for re-
action time. Masurovsky (2020) reported that none of the included
studies (published between 2016 and 2018) that found effects for far
transfer have measured participants’ expectations, and only one used
active control. Shah et al. (2017) found good quality evidence of far
transfer for Instrumental Activities of Daily Living and Health-related
quality of life only in > 5 years of follow-up.

Cognitive training combined with physical exercise. Three qualitative sys-
tematic reviews were structured on multimodal approaches combining
CT and PE (Law et al., 2014; Lauenroth et al., 2016; Dhir et al., 2021),
performed both simultaneously (simul.) or sequentially/ subsequently
(seq.). Law et al. (2014) selected RCT and non-randomized clinical trials
as the study design and included 3 studies, with a sample size of 480 and
a mean age of 71.6 years. Combined CT and PE performed sequentially
had an intervention duration of 8 to 48 weeks, and a session duration of
10 to 150 min (CT) + 45 to 150 min of PE. Frequency varied from 1 to 2
CT sessions plus 1 to 3 PE sessions per week.

Lauenroth et al. (2016) selected RCT and clinical trials as the study
design and included 13 studies (simul.: 7; seq.: 6) with a sample size of
883 (simul.: 308; seq.: 575) and a mean age of 74.1 years (simul.: 72.5;
seq.: 75.6). Combined CT and PE had an intervention duration of 4 to 30
weeks (simul.: 4 - 25; seq.: 8 - 30). Session duration varied within 30 to
60 min of CT and PE performed simultaneously, or within 10 to 90 min
of CT plus 30 to 60 min of PE performed sequentially. Frequency varied
from 1 to 5 days of simultaneous training per week, or 1 to 5 CT sessions
plus 1 to 4 PE sessions per week.

Dhir et al. (2021) included any pre/post test with the control group
but did not fully describe either the sample or intervention character-
istics. They also did a meta-analysis, but separate meta-analytic data for
healthy older adults were unavailable.

Most studies included in Lauenroth et al. (2016) reported
post-intervention improvements at least in the trained cognitive func-
tion. Law et al. (2014) and Dhir et al. (2021) had limited findings given
the small number of studies included for the population of interest.
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Cognitive stimulation

Findings from meta-analysis
There was 1 meta-analysis structured on cognitive stimulation (CS)

which included RCTs analyzing CT, CS and mixed interventions of CS
with CT (Yun & Ryu., 2022). The authors included 11 CS studies and 1
study with a mixed intervention using CS and CT. They found a small
effect with substantial heterogeneity for overall cognitive functioning
and did not describe sample sizes or intervention characteristics sepa-
rately for HOA or CS studies.

Findings from systematic reviews
There were 3 qualitative reviews structured on CS (Reijnders et al.,

2013; Kelly et al., 2014; Sáez-Gutiérrez et al., 2024), which included 18
RCTs. CS interventions had a duration between 4 and 96 weeks, with 30
to 240 min for each session, and <1 to 4 sessions per week. Reijnders
et al. (2013) found 8 CS studies, including 1088 participants with 73.7
years of age on average. Kelly et al. (2014) found 8 CS studies, including
905 participants with 60 to 93 years of age. Both reviews reported mixed
findings for cognitive outcomes. Sáez-Gutiérrez et al. (2024) found 2 CS
studies, including 144 participants with 73 years of age on average; they
found no effect of both interventions on daily functioning.

Multimodal interventions

Also, there was 1 qualitative review structured on multimodal in-
terventions in general, defined by the authors as “multicomponent ap-
proaches that combine two or more intervention strategies” (Kim et al.,
2022, p.2). Six RCTs were included. The sample size was 1102 and the
mean age was 74.8 years. Multicomponent programs had a duration
between 6 and 24 weeks, with 20 to 150 min for each session, and<1 to
2 sessions per week. Results underlined some efficacy of occupational
plus physical therapy, and cognitive-behavioral therapy plus Baduanjin
qigong (a set of eight qigong practices that are a part of traditional
Chinese medicine and include either movement or contemplative
breathing practices), on ADLs and IADLs. CT multicomponent in-
terventions that involve diverse types of CT resulted in mixed findings
regarding IADL outcomes.

Discussion

This meta-review summarizes existing evidence regarding cognitive
training, cognitive stimulation, multimodal and multicomponent pro-
tocols aimed at preventing or reducing cognitive decline in HOA. The
most frequent flaws in the available knowledge were revealed through a
rigorous quality assessment. Meta-analyses and narrative reviews were
analyzed separately, contributing to a comprehensive understanding of
the field.

Results indicated CT interventions as the most promising ones,
considering the number of included studies and corresponding effect
sizes. Results from meta-analysis reviews suggested larger CT effects for
speed of processing, which was found to be a predictor for functional
decline or high-functioning cognitive aging (Wahl et al., 2010; Ticha
et al., 2023). Moreover, CT has shown moderate effects on long-term
and working memory, with the latter having, potentially, a role in
encoding and retrieval and being associated with episodic memory
performance (Bosnes et al., 2020; Melrose et al., 2020). However, vast
heterogeneity of effect sizes suggests important mediators need to be
further investigated.

An important issue in relation to CT is the capacity to generalize the
skills acquired, namely transfer (Sala et al., 2019). Overall, qualitative
systematic reviews provided more evidence for near transfer. The
distinction between near and far transfer as described by Barnett and
Ceci (2002) is not simple, but generally signifies the generalization of
skills in similar domains/tasks, and the transfer of skills in domain-
s/tasks that are not or very weakly related to each other. One example of

far transfer is the effect on everyday functioning.
However, far transfer and effects on everyday functioning – which

are clinically more significant – were under-investigated. In Shah et al.
(2017), evidence of far transfer could be observed only some years after
training, which represents cognitive decline prevention instead of an
actual improvement. The fact that most studies only examined imme-
diate effects suggests a systematic bias. According to the evidence
collected, near transfer could have an immediate impact, which could
potentially prevent cognitive decline years later. Nevertheless, the two
most recent systematic reviews that analyzed daily functioning found
consistent immediate improvement for daily functioning (Fan & Wong,
2019; Sáez-Gutiérrez et al., 2024).

Two reviews examined commercial computerized cognitive training.
Shah et al. (2017) and Nguyen et al. (2021) observed improvements in
processing speed but highlighted the lack of direct evidence supporting
clinically significant outcomes. Shah et al. (2017) noted near transfer
effects in most trials, with some indication of far transfer effects at least 5
years post-training, albeit based on data from only one commercial
program. The fast expansion of this market (Market Research Report,
2020) has outpaced the evidence supporting these interventions.

A vast diversity of intervention durations, session durations and
frequencies were presented. Based on the included meta-analyses, an
effective pattern seems to include adaptive training with 10 sessions or
more (Kelly et al., 2014), delivered <3 times a week in groups (Lampit
et al., 2014). The findings are in line with the cognitive training
employed in the FINGER study, the first long-term RCT to demonstrate
the efficacy of multidomain lifestyle interventions in reducing cognitive
decline among older adults at a higher risk of dementia (Ngandu et al.,
2015; Rosenberg et al., 2019). The computer-based training took place
for two 6-month periods, during which participants attended 72 sessions
of the adaptive CT program, three times a week (Kivipelto et al., 2013).

Nonetheless, a program with a slightly different population had
different conclusions. In an analysis published by Andrieu et al. (2017),
they investigated the effects of a multidomain intervention and poly-
unsaturated fatty acids supplementation, either alone or in combination.
CT consisted of 12 group sessions lasting 60 min each, with reasoning
and memory training. In the first month, there were two sessions per
week, while in the second month, there was only one session per week.
Over the course of 3 years, there were no significant effects on cognitive
decline in older people with memory complaints.

In addition, there was limited evidence for further benefits when
combining cognitive training with physical activity. Small improve-
ments were found for combined interventions when compared to con-
trols, but this effect was not consistent when compared to unimodal
intervention (either CT or PE). Also, when considered individually, CT
yielded more consistent results than PE. This is consistent with a recent
meta-analysis which found no significant differences between combined
interventions and cognitive activity alone (Gheysen et al., 2018).
However, physical activity has been largely recognized to improve a
myriad of health outcomes, prevent several chronic medical conditions,
enhance mobility and cognition, and promote independent functioning
(Penedo & Dahn, 2005; Warburton & Bredin, 2017; Eckstrom et al.,
2020).

Moreover, it influences cognitive functions and neuronal mecha-
nisms that are most at risk of age-related changes, such as attention,
executive functions and episodic memory (Blanchet et al., 2018) being
associated with a reduced risk of developing cognitive impairment
(Erickson et al., 2019). Physical activity even prevents the progression of
cognitive deficits and/or improves psychological well-being in people
with diagnosed mild cognitive impairment or dementia (Blanchet et al.,
2018; Du et al., 2018; Nuzum et al., 2020).

Considering the vast evidence of the benefits of physical activity for a
number of health outcomes, the lack of findings in the current review
may indicate a ceiling effect of interventions on short-term outcomes.
All included reviews analyzing interventions combining or comparing
PA and CT only considered immediate post-intervention effects. A future
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review that examines combined interventions and considers long-term
outcomes could possibly aid in elucidating this question. On the other
hand, the heterogeneity of the combined arrangements may be con-
cealing the effect of the most effective models, which could be addressed
by expanding evidence with further moderator analysis.

For cognitive stimulation and multicomponent interventions, it was
not possible to find a shared effect. This can be attributed to the vast
heterogeneity of stimulation interventions developed and the relatively
small number of studies included in each analysis. Alternatively, it could
be that the majority of already designed protocols did not include the
appropriate features for stimulating cognitive plasticity in the healthy
population. Gómez-Soria et al. (2023) carried out a systematic review
and meta-analysis about cognitive stimulation and found improvements
in general cognitive functioning for healthy older adults. However, this
review included only two studies for this subgroup analysis, combining
effects of different tests and follow-ups.

The lack of evidence for CS effects on HOA contrasts with the actual
guidance for people with established cognitive decline. World Alzheimer
Report 2022 recommends Cognitive Stimulation Therapy (CST; Spector
et al., 2003) as a best practice to improve cognitive function in people
with mild to moderate dementia (Gauthier et al., 2022). Beyond the
cognitive gains, CST is recognized to be cost effective and was shown to
be feasible in low-resource settings (Gauthier et al., 2022). It is possible
that a CS protocol that complies with specific appropriate principles
could be advantageous for the healthy population according to this
literature. Given the multiple possibilities that the term ’cognitive
stimulation’ can encompass, it could be that the most effective protocol
has yet to be created.

Expanding the number of studies on CS and multicomponent in-
terventions is necessary to draw a more comprehensive panorama in the
future. For example, physical activity that is either linked to or separate
from cognitive interventions, despite limited current evidence, may be
used as well. Other examples of future research can be carried out in an
exploratory way, applying different theoretical principles to achieve this
goal, for example: (1) studying the effect of cognitive stimulation on
processing speed and working memory, to increase the comparability
between cognitive stimulation and cognitive training studies, (2) using a
more rigorous definition of cognitive stimulation, due to the fact that
many of the primary studies included here involved just one leisure
activity and labeled it as cognitive stimulation, making it difficult to
compare studies with different interventions, or (3) adapting what has
already been learned in the area of cognitive stimulation into a pre-
ventive strategy for people with cognitive decline.

The main limitations of this meta-review were the quality and risk of
bias of included studies. However, this was due to a previous limitation
of the reviews included here, suggesting an intrinsic and systemic lim-
itation of the actual state of art of this field. Future investigations should
select a proper method for assessing risk of bias (RoB) and provide a
satisfactory discussion of its implications. Another potential limitation
was the vast range of interventions and methodologies included, which
may have led to high heterogeneity and difficulty to summarize results.
The broad inclusion criteria provided a wide perspective about the field
but may have limited comparability between results. This limitation was
addressed by providing separate results.

Conclusion

The current evidence supports CT activities more decisively, with at
least 10 adaptive sessions delivered less than three times weekly in
group meetings and encourages ongoing research into CS and multi-
component protocols. Nevertheless, the issue related to the transfer of
effects for clinical outcomes remains under-investigated, with urgent
need for its examination both short and long-term. Longer follow-ups
seem to be a key issue to find combined and clinically significant re-
sults. Rigorous risk of bias and quality assessment is necessary to
improve current evidence on cognitive interventions.

Glossary

Active Control: a standard treatment that is comparable to the
intervention is given.

ADLs: activities for daily living, including basic, instrumental and
advanced activities.

Attention: ability to direct cognitive resources towards specific
targets.

Daily functioning: basic daily home and work requirements,
including ADLs.

Executive Functions: abilities associated with specific high-level
cognitive processes.

Global Cognitive Function: a composite index combining a range of
abilities across domains.

IADLs: instrumental activities of daily living; activities essential to
function autonomously.

Memory: ability to retain information or representations of past
experiences.

Meta-analysis: a technique that uses quantitative data to synthesize
results of multiple studies.

Other Intervention: group for comparison that receives an alterna-
tive intervention of interest.

Passive Control: group for comparison that receives no intervention
or only treatment as usual.

Processing Speed: the speed of nonverbal processing.
Qualitative Systematic Review: a review that uses a systematic and

explicit methodology to identify, select, and critically evaluate the re-
sults of studies included.

Quality of Life: measures how much a person enjoys life.
Reaction Time: the interval between the beginning of a stimulus and

a specific response.
Setting: the place where the program is conducted.
Trained Domains: the cognitive domains that were trained during the

intervention/program.
Visuospatial Function: ability to perceive the spatial features of a

figure or object.
Working Memory: ability to briefly retain information in a highly

accessible state.
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Guo, W., Zang, M., Klich, S., Kawczyński, A., Smoter, M., & Wang, B. (2020). Effect of
combined physical and cognitive interventions on executive functions in older
adults: A meta-analysis of outcomes. International Journal of Environmental Research
and Public Health, 17(17), 6166. https://doi.org/10.3390/ijerph17176166. Article.

Hindin, S. B., & Zelinski, E. M. (2012). Extended practice and aerobic exercise
interventions benefit untrained cognitive outcomes in older adults: A meta-analysis.
Journal of the American Geriatrics Society, 60(1), 136–141. https://doi.org/10.1111/
j.1532-5415.2011.03761.x

Intzandt, B., Vrinceanu, T., Huck, J., Vincent, T., Montero-Odasso, M., Gauthier, C. J.,
et al. (2021). Comparing the effect of cognitive vs. exercise training on brain MRI
outcomes in healthy older adults: A systematic review. Neuroscience and
Biobehavioral Reviews, 128, 511–533. https://doi.org/10.1016/j.
neubiorev.2021.07.003

Ishibashi, G. A., Santos, G.dos, Paula, A., Rossetto, E., Guilherme, S., Ordonez, T. N.,
et al. (2023). Effects of cognitive interventions with video games on cognition in
healthy elderly people: A systematic review. Arquivos de neuro-psiquiatria, 81(5),
484–491. https://www.scielo.br/j/anp/a/kGvYKrmLHwTV4JHVxnFrScD/abstra
ct/?lang=pt.

Karr, J. E., Areshenkoff, C. N., Rast, P., & Garcia-Barrera, M. A. (2014). An empirical
comparison of the therapeutic benefits of physical exercise and cognitive training on
the executive functions of older adults: A meta-analysis of controlled trials.
Neuropsychology, 28(6), 829–845. https://doi.org/10.1037/neu0000101

Kelly, M. E., Loughrey, D., Lawlor, B. A., Robertson, I. H., Walsh, C., & Brennan, S.
(2014). The impact of cognitive training and mental stimulation on cognitive and
everyday functioning of healthy older adults: A systematic review and meta-analysis.
Ageing Research Reviews, 15, 28–43. https://doi.org/10.1016/j.arr.2014.02.004

Kim, M., Shin, E., Kim, S., & Sok, S. (2022). The effectiveness of multicomponent
intervention on daily functioning among the community-dwelling elderly: A
systematic review. International Journal of Environmental Research and Public Health,
19(12), 7483. https://doi.org/10.3390/ijerph19127483

Kivipelto, M., Solomon, A., Ahtiluoto, S., Ngandu, T., Lehtisalo, J., Antikainen, R., et al.
(2013). The finnish geriatric intervention study to prevent cognitive impairment and
disability (FINGER): Study design and progress. Alzheimer’s & Dementia (Basel,
Switzerland), 9(6), 657–665. https://doi.org/10.1016/j.jalz.2012.09.012

Kmet, L. M., Lee, R. C., & Cook, L. S. (2004). Standard Quality Assessment Criteria for
Evaluating Primary Research Papers from a Variety of Fields. Alberta Heritage
Foundation for Medical Research. https://doi.org/10.7939/R37M04F16

Kueider, A. M., Parisi, J. M., Gross, A. L., & Rebok, G. W. (2012). Computerized cognitive
training with older adults: A systematic review. PLoS ONE, 7(7). https://doi.org/
10.1371/journal.pone.0040588. Article e40588.

Lampit, A., Hallock, H., & Valenzuela, M. (2014). Computerized cognitive training in
cognitively healthy older adults: A systematic review and meta-analysis of effect
modifiers. PLoS Medicine (Baltimore), 11(11). https://doi.org/10.1371/journal.
pmed.1001756. Article e1001756.

Langa, K. M. (2015). Is the risk of Alzheimer’s disease and dementia declining?
Alzheimer’s Research & Therapy, 7(1). https://doi.org/10.1186/s13195-015-0118-1

Lauenroth, A., Ioannidis, A. E., & Teichmann, B. (2016). Influence of combined physical
and cognitive training on cognition: A systematic review. BMC Geriatrics, 16(1).
https://doi.org/10.1186/s12877-016-0315-1

Law, L. L. F., Barnett, F., Yau, M. K., & Gray, M. A. (2014). Effects of combined cognitive
and exercise interventions on cognition in older adults with and without cognitive
impairment: A systematic review. Ageing Research Reviews, 15, 61–75. https://doi.
org/10.1016/j.arr.2014.02.008

Li, Z., He, H., Chen, Y., & Guan, Q. (2024). Effects of engagement, persistence and
adherence on cognitive training outcomes in older adults with and without cognitive
impairment: A systematic review and meta-analysis of randomised controlled trials.
Age (Melbourne, Vic.) and Ageing, 53(1). https://doi.org/10.1093/ageing/afad247

Livingston, G., Huntley, J., Liu, K. Y., Costafreda, S. G., Selbæk, Geir, Alladi, Suvarna,
et al. (2024). Dementia prevention, intervention, and care: 2024 report of the Lancet
standing Commission. The Lancet (London, England), 404(10452). https://doi.org/
10.1016/s0140-6736(24)01296-0

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., et al.
(2020). Dementia prevention, intervention, and care: 2020 report of the Lancet
Commission. The Lancet,, 396(10248), 413–446. https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC7392084/.

Long, S., Benoist, C., & Weidner, W. (2023). World alzheimer report 2023: Reducing
dementia risk: Never too early, never too late. Alzheimer’s Disease International.

Market Research Report. (2020). Cognitive assessment and training market. Retrieved
from https://www.marketsandmarkets.com/Market-Reports/cognitive-assessment-
market-1039.html. Acessed September 24, 2024.

Marr, C., Vaportzis, E., Dewar, M., & Gow, A. J. (2020). Investigating associations
between personality and the efficacy of interventions for cognitive ageing: A
systematic review. Archives of Gerontology and Geriatrics, 87, Article 103992. https://
doi.org/10.1016/j.archger.2019.103992. Article.

Martin, M., Clare, L., Altgassen, A. M., Cameron, M. H., & Zehnder, F. (2011). Cognition-
based interventions for healthy older people and people with mild cognitive

V. Velloso et al. International Journal of Clinical and Health Psychology 25 (2025) 100538 

12 

https://doi.org/10.3389/fnagi.2019.00291
https://doi.org/10.3389/fnagi.2019.00291
https://doi.org/10.1016/s1474-4422(17)30040-6
https://doi.org/10.1016/s1474-4422(17)30040-6
https://doi.org/10.1037//0033-2909.128.4.612
https://doi.org/10.1037//0033-2909.128.4.612
https://doi.org/10.1037/pag0000442
https://doi.org/10.1684/pnv.2018.0734
https://doi.org/10.1684/pnv.2018.0734
https://doi.org/10.1186/s40359-020-00447-9
https://doi.org/10.1016/j.arr.2018.04.002
https://doi.org/10.7326/m17-1531
https://doi.org/10.3233/JAD-191092
https://doi.org/10.1590/1981-22562019022.180143
https://doi.org/10.1590/1981-22562019022.180143
https://doi.org/10.1080/09602010443000074
https://doi.org/10.1016/j.neubiorev.2021.07.008
https://doi.org/10.2147/cia.s169565
https://doi.org/10.1016/j.cger.2020.06.009
https://doi.org/10.1016/j.cger.2020.06.009
https://doi.org/10.1249/mss.0000000000001936
https://doi.org/10.1249/mss.0000000000001936
https://doi.org/10.3390/geriatrics4030044
https://doi.org/10.1016/s0140-6736(05)67889-0
https://doi.org/10.1002/14651858.cd012277.pub3
https://doi.org/10.1016/j.arr.2020.101232
https://doi.org/10.1016/j.arr.2020.101232
https://doi.org/10.1007/s11065-020-09434-8
https://doi.org/10.1007/s11065-020-09434-8
https://doi.org/10.1016/s2468-2667(21)00249-8
https://doi.org/10.1186/s12966-018-0697-x
https://doi.org/10.1016/j.archger.2022.104807
https://doi.org/10.3390/ijerph17176166
https://doi.org/10.1111/j.1532-5415.2011.03761.x
https://doi.org/10.1111/j.1532-5415.2011.03761.x
https://doi.org/10.1016/j.neubiorev.2021.07.003
https://doi.org/10.1016/j.neubiorev.2021.07.003
https://www.scielo.br/j/anp/a/kGvYKrmLHwTV4JHVxnFrScD/abstract/?lang=pt
https://www.scielo.br/j/anp/a/kGvYKrmLHwTV4JHVxnFrScD/abstract/?lang=pt
https://doi.org/10.1037/neu0000101
https://doi.org/10.1016/j.arr.2014.02.004
https://doi.org/10.3390/ijerph19127483
https://doi.org/10.1016/j.jalz.2012.09.012
https://doi.org/10.7939/R37M04F16
https://doi.org/10.1371/journal.pone.0040588
https://doi.org/10.1371/journal.pone.0040588
https://doi.org/10.1371/journal.pmed.1001756
https://doi.org/10.1371/journal.pmed.1001756
https://doi.org/10.1186/s13195-015-0118-1
https://doi.org/10.1186/s12877-016-0315-1
https://doi.org/10.1016/j.arr.2014.02.008
https://doi.org/10.1016/j.arr.2014.02.008
https://doi.org/10.1093/ageing/afad247
https://doi.org/10.1016/s0140-6736(24)01296-0
https://doi.org/10.1016/s0140-6736(24)01296-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392084/
http://refhub.elsevier.com/S1697-2600(24)00103-0/sbref0045
http://refhub.elsevier.com/S1697-2600(24)00103-0/sbref0045
https://www.marketsandmarkets.com/Market-Reports/cognitive-assessment-market-1039.html
https://www.marketsandmarkets.com/Market-Reports/cognitive-assessment-market-1039.html
https://doi.org/10.1016/j.archger.2019.103992
https://doi.org/10.1016/j.archger.2019.103992


impairment. The Cochrane Database of Systematic Reviews, (1)https://doi.org/
10.1002/14651858.cd006220.pub2. Article CD006220.

Masurovsky, A. (2020). Controlling for placebo effects in computerized cognitive
training studies with healthy older adults from 2016 to 2018: Systematic review.
JMIR Serious Games, 8(2). https://doi.org/10.2196/14030

Melrose, R. J., Zahniser, E., Wilkins, S. S., Veliz, J., Hasratian, A. S., Sultzer, D. L., et al.
(2020). Prefrontal working memory activity predicts episodic memory performance:
A neuroimaging study. Behavioural Brain Research: A Journal of Neurology Research,
379. https://doi.org/10.1016/j.bbr.2019.112307. Article 112307.
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