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Background Attention is essential to daily life and cognitive func-

Registration PROSPERO (CRD42022385211).

tioning, and attention deficits can affect daily functional and social
behaviour, such as falls, risky driving, and accidental injuries. How-
ever, attention function is important yet easily overlooked in older
adults with mild cognitive impairment, and evidence is limited. We
aimed to explore the pooled effect of cognitive training on domains
of attention in older adults with mild cognitive impairment and mild
dementia using a meta-analysis of randomised controlled trials.

Methods We searched PubMed, Embase, Scopus, Web of Science,
CINAHL, PsycINFO, and Cochrane Library for randomised con-
trolled trials (RCTs) up to 3 November 2022. We included partic-
ipants aged >50 years diagnosed with cognitive impairment, with
various cognitive training interventions as the intervention measures.
The primary outcome was overall attention and the secondary out-
comes were attention in different domains and global cognitive func-
tion. We calculated the Hedges’ g and confidence intervals (Cls) us-
ing a random-effects model to evaluate the effect size of the outcome
measures and evaluated heterogeneity using the 2 test and 12 value.

Results We included 17 RCTs and found that cognitive training
interventions improve overall attention (Hedges g=0.41; 95%
CI=0.13,0.70), selective attention (Hedges’ g=0.37; 95% CI=0.19,
0.55), divided attention (Hedges’ g=0.38; 95% CI=0.03, 0.72), and
global cognitive function (Hedges’ g=0.30; 95% CI=0.02, 0.58) in
older adults with mild cognitive impairment, but with relatively low
effectiveness.

Conclusions Cognitive training intervention can improve some at-
tention functions in older adults with mild cognitive impairment.
Attention function training should also be incorporated into routine
activities and long-term sustainability planning to delay the deteri-
oration of attention function in older adults. Besides reducing their
risk of abnormal events in daily life (such as falls), it can also improve
their quality of life and help reduce the progression of cognitive im-
pairment, achieving early detection of secondary prevention.
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Population aging is a key global issue today. Besides visible changes in the aging process, the cognitive
neural functions of elderly individuals have been targeted as needing attention. Multiple aspects of their
abilities decline, including neural structure (gray and white matter), functionality, neurotransmitter reduc-
tion, processing speed, attention, memory, and visual-spatial abilities. This affects not only their daily life
abilities, but also potentiates cognitive decline-related problems, and in severe cases, mild cognitive im-
pairment, pre-dementia, and dementia, indirectly affecting their families and increasing social burdens [1].

Mild cognitive impairment (MCI) is a transitional stage between normal aging and dementia, characterised
by a decline in cognitive function. Approximately 10% to 15% of individuals diagnosed with MCI progress
to dementia annually [2]. Working memory, attention, and executive functions are among the cognitive
domains that deteriorate earliest in individuals with MCI. The human cognitive system involves complex
processes, among which attention is a fundamental component of cognitive processes. Its function is to
efficiently adjust and allocate cognitive resources, assist in target selection and concentration of cognitive
operations, and provide response degree to relevant stimuli, playing a crucial role in daily tasks and cog-
nitive operations [3]. Attention can be regarded as the basis of cognitive function activity, and it declines
with aging. Attention deficit may affect other cognitive functions, and in turn affect daily life functions
and social behaviour, such as falling, dangerous driving, and accidental injuries. Previous studies found
cognitive training is effective for various aspects of cognitive function in elderly individuals with mild
cognitive impairment, such as attention and executive function training [4-8]. Improvements in attention

can be achieved by using cognitive training to intervene in activating the prefrontal cortex, effectively in-
creasing its cognitive functions [9]. However, attention function is important for elderly individuals with
mild cognitive impairment and is easily overlooked. Attention research has multiple categories (such as
sustained attention, selective attention, divided attention, and attentional shifting) and various measure-
ment methods. However, previous integrated analysis studies have focused primarily on individuals with
brain damage or attention deficit hyperactivity disorder (ADHD) rather than elderly individuals with mild
cognitive impairment or mild dementia [10-12]. Additionally, there is a lack of indicators for overall at-
tention and other categories of attention. Evidence regarding the effects of attention in elderly individuals
with cognitive impairment is limited. We aimed to explore the pooled effect of cognitive training on do-
mains of attention in older adults with mild cognitive impairment and mild dementia using a meta-anal-
ysis of randomised controlled trials.

METHODS

Reporting standard

We used the Cochrane Collaboration’s recommendations to design the protocol for the systematic review
and meta-analysis [13] and registered it in the Prospective Registered Systematic Reviews (PROSPERO)
database (CRD42022385211). We reported this systematic review and meta-analysis in line with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 reporting checklist [14].

Data sources and search strategy

We searched PubMed, Embase, Scopus, Web of Science, CINAHL, PsycINFO, and Cochrane Library from in-
ception to 3 November 2022, to examine the effect of cognitive training on attention in older adults with mild
cognitive impairment. We combined medical subject heading (MeSH) terms, keywords, and Boolean opera-
tors (AND and OR) develop the search methods, without constraints on language and publication date. Us-
ing the population, intervention, comparison, outcomes and study design (PICOS) framework, we used the
following search terms (see Table S1 in the Online Supplementary Document for detailed search strategy:

e Population (mild cognitive impairment and mild dementia)

e Intervention (received all types of cognitive training intervention)
e Comparison (did not receive cognitive training intervention)

¢ Qutcomes (different domains of attention)

e Study design (“randomized controlled trial”)

We also searched the reference lists of relevant studies and used Google Scholar to identify other potential
studies.
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Study selection

We based our inclusion criteria on the PICOS framework to formulate the research question:

o Participants: aged >50 years old, diagnosed with mild cognitive impairment or mild dementia, and
presenting with symptoms of cognitive dysfunction.

e Intervention: cognitive training interventions, including various types of cognitive training interven-
tions (e.g. cognitive game training, computer-based cognitive training, attention training, etc.)

e Comparison: active control, passive control, or conventional treatment.

e Outcomes: the primary outcome is attention, and the secondary outcomes include attention in differ-
ent domains and overall cognitive function.

¢ Study design: randomised controlled trials.

We excluded duplicate studies, studies that did not involve the relevant study population, study protocols,
review articles, case reports, conference or poster abstracts, systematic literature reviews or meta-analyses,
and letters, and studies that are irrelevant to the topic. After deduplication, two researchers (CMS and CKY)
independently searched and screened the titles and abstracts of retrieved articles, followed by full texts for
eligibility based on previously listed inclusion and exclusion criteria. We resolved disagreements through
discussion among team members.

Data extraction

Two researchers (CMS and CYK) independently extracted the data on the characteristics of the studies and
participants, including author names, publication year, sample size, age, gender percentage, inclusion crite-
ria for cognitive function, intervention measures and frequency, measurement results, measurement tools,
and measurement time points. Discrepancies were discussed with a third researcher

Quality assessment of included studies

We used the Cochrane Risk of Bias Tool, 2nd version (RoB 2.0) [15] to assess the quality of the included
studies. The assessment of the risk of bias concentrates on internal validity, i.e. the degree to which the
study is free of bias. It is unrelated to external validity (generalisability or applicability) and precision (the
extent to which study results are devoid of random error) as part of internal validity. Certain aspects of trial
conduct, such as obtaining ethical approval or calculating sample size, are not explicitly related to risk of
bias. The key domains evaluated were bias arising from the randomisation process, bias due to deviations
from the intended intervention, bias due to missing outcome data, bias in the measurement of the outcome,
and bias in the selection of the reported result. We categorised the assessment results as “low risk of bias”,
“some concerns”, and “high risk of bias”. We performed an overall assessment to present all the bias results.
Two reviewers (CMS and CYK) independently assessed the included studies and assigned quality scores
through consensus, resolving disagreements through discussion with a third expert (Table S3 in the On-
line Supplementary Document).

Statistical methods

We used the Comprehensive Meta-Analysis Software 3.0 (CMA 3.0) [16] for the data analysis. We cal-
culated the effect sizes of each study and integrated them into a standardised common comparison unit
called “effect size”, which we estimated using Hedges” g and the confidence intervals (Cls) to predict the
inter-group difference in pre- and post-intervention changes, calculated as a weighted standard deviation.
Hedges’ g is a standard effect size measure commonly used in experimental and quantitative research. It is
unaffected by sample size, enabling easier evaluation and interpretation effects [13,17,18]. We interpreted
the pooled effect size of 0.2-0.49 as a small effect, 0.5-0.79 as a medium effect, and 20.8 as a large effect,
with P<0.05 indicating statistical significance [19]. We used Cochrane Q and I? tests to assess heteroge-
neity. The Cochrane Q test determines if there is heterogeneity between studies, indicated by a P-value of
<0.1 [13,20,21]. The I? value reveals the magnitude of heterogeneity between studies; a larger number in-
dicates greater heterogeneity, quantified as low, medium, and high, with I? limits of 25%, 50%, and 75%,
respectively. If heterogeneity among studies is found, a random-effects model is used for analysis. A fun-
nel plot is based on Egger’s intercept test and used to visualise the plot symmetry. Additionally, Egger’s
intercept test is used to assess publication bias to detect evidence in small studies, where P<0.1 indicates
statistically significant publication bias. Finally, the overall results are presented using a forest plot, show-
ing the combined results and 95% Cls.
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Ethical approval

Our study did not require ethical approval, as we used secondary data from previously published studies
which obtained informed consent from participants.

RESULTS

Study selection

We retrieved 286 relevant articles from the databases and located five more by searching the references of
the retrieved literature. We imported the references into EndNote 20 (Clarivate Analytics, London, UK) and
used its internal deduplication function to remove 109 duplicate articles. We excluded 141 articles after title
and abstract screening based on pre-defined inclusion and exclusion criteria and an additional 24 articles
after reviewing the full text. We included 17 articles in the meta-analysis (Figure 1).
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Figure 1. PRISMA flowchart diagram.

Study characteristics

We included 1128 participants (mean age 69.9 years, 53.13% females) from the randomised controlled tri-
als, which enrolled 16 to 160 participants each. Among the 17 randomised controlled trials [7,8,22-36], four
analysed overall cognitive function indicators, ten analysed overall attention, seven analysed selective atten-
tion, and three analysed divided attention (Table S4 in the Online Supplementary Document).

Effectiveness on overall attention

We included 12 studies on overall attention in the analysis. The pooled Hedge’s g was 0.41 (95% CI=0.13,
0.70) and high heterogeneity (Q-statistic=40.42, ?’=72.79%; P<0.001) (Figure 2). The pooled effect size
from the sensitivity analysis was 0.40 (95% CI=0.12, 0.69) by removing one study at a time, indicating no
significant difference from the primary pooled effect size. Further testing for publication bias showed that
the funnel plot visual assessment appeared to be roughly symmetrical (Figure S1 and Table S5 in the On-
line Supplementary Document) The Egger’s regression test also identified no publication bias (P=0.823).
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Study name Statistics for each study Hedges's g and 95% Cl

Hedges's Standard Lower Upper Relative

g error  Variance limit  limit Z-Value p-Value weight
Doshi et al., 2021a 0.417 0.298 0089 -0.167 1.002 1399  0.162 8.07
Doshi et al., 2021b 0.362 0.306 0.094 -0.238 0.963 1.182 0.237 7.92
Duff et al., 2022 0.204 0.187 0.035 -0.163 0.571 1.088  0.277 10.16
Fiatarone Singh et al., 2014a 0.036 0.283 0.080 -0.518 0.590 0.129 0.898 8.36
Fiatarone Singh et al., 2014b 0.041 0.268 0.072 -0.485 0.566 0.151 0.880 8.63
Finnetal., 2011 0.038 0.473 0.224 -0.889 0.964 0.079 0.937 533
Finnetal., 2015 0.412 0.399 0.159 -0.369 1.194 1.035 0.301 i 6.37
Pantoni et al., 2017 0.358 0.302 0.091 -0.234 0.949 1.185 0.236 —_—— 8.01
Torpil etal., 2021 2.077 0.315 0.099 1459 2.695 6.592 0.000 — 7T
Lietal, 2019 0.744 0.174 0.030 0.403 1.085 4.271 0.000 —— 10.40
Vidovich et al., 2015 0.210 0.158 0.025 -0.100 0.519 1.328 0.184 —E— 10.69
Barnes et al., 2009 0.039 0.287 0.083 -0.524 0.602 0.135 0.892 —— 8.27
Pooled 0.411 0.145 0.021 0.126 0.696 2.827 0.005 ‘
Prediction Interval 0.411 -0.570 1.392 F i
-2.00 -1.00 0.00 1.00 2.00

Control Favours Cognitive training Favours

Figure 2. Effect on selective attention.

Effect on selective attention

Twelve studies examined selective attention. The pooled Hedge’s g was 0.37 (95% CI=0.19, 0.55), and we
identified low heterogeneity (Q-statistic=16.21, [?’=32.13%; P=0.134), with a prediction interval (Prl) of
-0.07 to 0.81 (Figure 3). The pooled Hedges’s g remained similar following the sensitivity analysis, with an
effect size of 0.37 (95% CI=0.19, 0.55) showing no significant difference from the primary value. Egger’s
regression test yielded a value of 0.024, indicating the presence of publication bias; we carried out Duval
and Tweedie’s trim and fill test while considering the missing data to the left of the mean from the funnel
plot. The resulting adjusted values showed an effect size of 0.18 by adding five studies and a 95% CI rang-
ing from 0.05 to 0.31, indicating no significant difference from the primary value of the pooled effect size.

Study name Statistics for each study Hedges's g and 95% ClI
Hedges's Standard Lower Upper Relative
g error Variance  limit limit Z-Value p-Value weight

Bernini et al., 2020a 0.463 0.330 0.109 -0.184 1.111 1.402 0.161 5 6.02
Bernini et al., 2020b 0.685 0.373 0.139 -0.047 1.416 1.834 0.067 1 4.95
Biasutti et al., 2017a 0.388 0.334 0.111 -0.266 1.042 1.164 0.245 Sl 5.93
Biasutti et al., 2017b 0.434 0.335 0.112 -0.221 1.090 1.299 0.194 i 5.91
Feng etal, 2016a 0.137 0.232 0.054 -0.318 0.591 0.589 0.556 9.98
Feng etal., 2016b 0.446 0.235 0.055 -0.014 0.905 1.900 0.057 E 9.84
Gagnon et al.,, 2012 0.010 0.394 0.155 -0.762 0.783 0.026 0.979 4.53
Pantoni etal., 2017a 0.955 0.317 0.100 0.334 1.576 3.015 0.003 6.43
Pantoni et al., 2017b 0.970 0.317 0.101  0.348 1.592 3.058 0.002 I 6.42
Yang etal.,, 2019 0.485 0.240 0.058 0.014 0.955 2.020 0.043 —T — 9.56
Vidovich et al., 2015a 0.005 0.157 0.025 -0.303 0.314 0.034 0.973 - 15.23
Vidovich et al., 2015b 0.189 0.158 0.025 -0.120 0.498 1.200 0.230 —-.— 15.20
Pooled 0.368 0.092 0.008 0.188 0.548 4.013 0.000 ’

Prediction Interval 0.368 -0.071  0.807 H—

-2.00 -1.00 0.00 1.00 2.00
Control favours Cognitive training favours

Figure 3. Effect on divided attention.

Effect on divided attention

Three included studies examined divided attention. The pooled Hedge’s g was 0.38 (95% CI=0.03, 0.72);
we observed low heterogeneity (Q-statistic=2.25, I?’=10.97%; P=0.325) and a Prl of -2.22 to 2.97 (Figure
4). The sensitivity analysis showed the same effect size as the primary pooled effect. Due to the few includ-
ed studies (n=3), we could not generate a funnel plot to analyse publication bias. However, Egger’s regres-
sion test showed no publication bias (P=0.5006).
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper Relative
g error  Variance limit limit Z-Value p-Value weight
Yuetal, 2021 0.595 0.274 0.075 0.057 1.132 2.168 0.030 —.—— 35.95
Gagnon et al., 2012 0.622 0.404 0.163 -0.170 1.414 1539 0.124 . 17.74
Yang et al., 2019 0.112 0.237 0.056 -0.351 0.576 0475 0.635 + 46.32
Pooled 0.376 0.176 0.031 0.032 0.721 2.140 0.032 ’
Prediction Interval 0.376 -2.216  2.968 | | |
-2.00 -1.00 0.00 1.00 2.00
Control favours Cognitive training favours

Figure 4. Effect on global cognitive function.

Effect on global cognitive function

Five randomised controlled trials investigated the effectiveness of global cognitive function. The pooled
Hedge’s g was 0.30 (95% CI=0.02, 0.58), and we observed low heterogeneity (Q-statistic=2.63, I?’=0;
P=0.621) (Figure 5). We found no significant difference between the sensitivity test and main analyses
(Hedges’ g=0.30; 95% CI=0.02, 0.58). We could not analyse publication bias through a funnel plot due to
the low number of included studies (n=10). The Egger test revealed no publication bias (P=0.525).

Subgroup analysis on overall attention

We performed subgroup analyses on the intervention characteristics in cognitive training toward the pri-
mary outcome of overall attention and found that the individual-focused intervention format was superior
to the group format (Hedges’ g=0.44; 95% CI=0.05, 0.84), the <60-minute length of training format was
superior to the 260 minutes (Hedges' g=0.97; 95% CI=0.09, 1.85), <3 weekly training sessions was better
than >3 sessions (Hedges g=0.63; 95% CI=0.09, 1.17), a total training of >8 weeks was superior to <8 weeks
(Hedges’ g=0.52; 95% CI 0.12 to 0.92), and the total session lasting <24 weeks was superior to >24 weeks
(Hedges’ g=0.30; 95% CI=0.08, 0.52) (Figure S2 and Table S5 in the Online Supplementary Document).

Meta-regression analysis of the characteristics of overall attention

We performed a meta-regression analysis for the outcome of overall attention; the resulting variables of mean
age ($=0.049; 95% Cl=-0.10, 0.08) showed non-significant relationships with our results.

DISCUSSION

This meta-analysis is the first to assess the effect size of cognitive training on attention domains for older
adults with mild cognitive impairment and mild dementia. We found that, in elderly with mild cognitive
impairment and mild dementia, cognitive training exerts a small-to-medium effect overall attention, selec-
tive attention, divided attention, and global cognitive function, which is inconsistent with a previous net-
work meta-analysis [36] on the effects of different cognitive interventions on cognitive outcomes in indi-
viduals with mild cognitive impairment. Despite some positive results from individual studies, the pooled
results indicated that no intervention was effective in improving overall cognition or attention. However,
our findings are consistent with another meta-analysis [37] on different interventions, which may explain
the discrepancy in our findings on overall cognitive function. Additionally, because there is currently a lack
of comparable meta-analyses specifically targeting attention in elderly individuals with mild cognitive im-
pairment and because various methods can be used to assess different aspects of attention, future research
should more extensively discuss the impact of attention. While the scientific study of attention originated
in psychology, the different underlying mechanisms of these behavioural patterns are yet to be determined.

Our subgroup findings suggest cognitive training on attention showed better effectiveness with individual
format, a length of training <60 minutes, <3 weekly training sessions, a total training of >8 weeks, and a to-
tal of <24 weeks of session for mild cognitive impairment and mild dementia. The effect of cognitive train-
ing on overall attention was lower in older people by 0.0097, but was not significant. The effect was reduced
by 0.0097 as the participants’ age increased. As age increases, attention tends to be more easily distracted,
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so based on research findings, it is recommended that the training duration should not exceed 60 minutes.
Conducting training sessions individually and extending the training can enhance the effectiveness of the
training. This suggests that each training session should be conducted individually, with a duration of less
than 60 minutes and that extending the duration of the training weeks can make the training more effective.

Strengths and limitations

Our meta-analysis has several strengths. It is the first to synthesise the evidence regarding the impact of
cognitive training on attention in elderly individuals with mild cognitive impairment. Furthermore, we
conducted a comprehensive search without language restrictions to identify eligible studies while adher-
ing to the PRISMA statement checklist, and registered the study protocol with PROSPERO to enhance the
transparency and traceability of the study, ensuring its accuracy and reliability. Due to the lack of evidence
regarding the impact of cognitive training on attention in elderly individuals with mild cognitive impair-
ment, this study also contributes to a more comprehensive research evidence base and helps reduce pub-
lication bias and selective reporting.

However, our study has limitations. Some studies had different randomisation designs, sampling methods,
types of interventions, intervention duration and frequency of practice, and measurement tools, which may
have indirectly affected its results. However, as most studies focus on short-term cognitive outcomes, there
is insufficient data to evaluate the persistence of cognitive training effects, which typically requires long-
term follow-up and large sample sizes to detect subtle effects on function. Additionally, current meta-analy-
ses primarily focus on older adults with mild cognitive impairment and mild dementia. However, physical-
ly healthier older adults, due to slower decline, are more likely to engage in various activities. Subsequent
research could target healthier older individuals or different populations to improve the generalisability of
research findings. Future studies could also include different countries, as geographical/contextual risks
may lead to delayed diagnosis and uneven distribution of resources, thereby impacting patient care and
outcomes. Therefore, improving fairness and accessibility in the diagnosis and management of mild cogni-
tive impairment globally remains an important goal. Few studies reported the variables we sought to exam-
ine to explain the heterogeneity, so we could only investigate a subset of prospective moderator variables.

CONCLUSIONS

Our findings suggest that interventions with attention training programmes can improve partial attention
functions in elderly people with mild cognitive impairment. Attention training should also be incorporated
into routine activities as part of a long-term, sustained planning to delay the degradation of attention func-
tions in the elderly. This not only reduces their risk of abnormal events (such as falls) in daily life but also
improves their quality of life and helps reduce the progression of cognitive impairment, achieving early de-
tection for secondary prevention.
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