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Abstract
OBJECTIVE: In this literature review, long term cognitive training’s effect is assessed. The issue is investigated by also considering additional
training sessions (also called booster sessions) and their impact on the retention of after-training bene�ts. The aim is achieved by analyzing
four variables: involved population, training domains, effect transferability, and training duration.

METHODS: In compliance with the PRISMA statement, a search was conducted in the following database: Scopus, PubMed, WoS, and CINAHL.

RESULTS: Out of the 1063 articles we identi�ed initially, 47 studies were eligible.

The studies showed that training can maintain cognitive functioning in healthy people or people with MCI, especially for what concerns the six
months after the intervention. In people with dementia, the results were controversial. Regarding the booster training sessions, when they were
offered to either healthy people or people with MCI, they both maintained or increased training bene�ts. In contrast, people with dementia
appeared to bene�t from booster sessions in one study only. It also emerged that single and multi-domain training improved cognitive
functioning in either healthy people or people with MCI. In contrast, only multi-domain training was effective in people with dementia. Cognitive
training showed both direct and far transfer effects.

CONCLUSIONS: Although cognitive training bene�ts appear to persist, especially when working with healthy people or people with MCI, future
studies should focus more on the bene�ts carried by booster sessions. Moreover, once the analysis of these outcomes is cross-referenced with
individual characteristics and preferences, it will specify the long-term bene�ts factors. 

1. Background
Ageing does not coincide with cognitive decline. However, age-related changes in some cognitive functions, such as speed of processing,
memory and executive functions, are observed in the older adults (1). In this perspective, the timely planning of interventions represents one of
the essential critical factors for maintaining or improving cognitive functioning: healthy older adults could capitalize on it to reduce age-related
decline or delay the onset of neurocognitive disorders; for people living with MCI or dementia, timely interventions might halt or slow cognitive
decline.

Considering the increase in life expectancy in the world population, and the consequent increase in cases of dementia and MCI and the high
costs for the national health system, it is very important to carry out programs to slow down cognitive decline (2).

One of the most promising protective interventions that can be used to prevent cognitive decline in healthy people or in adults with MCI or
dementia is cognitive training (3–4).

Bahar-Fuchs et al. (5) de�ne cognitive training as an intervention involving the guided practice of standardized exercises designed to target
speci�c cognitive functions such as memory, language, and executive functions. One of the principles of cognitive training is that practice can
improve the cognitive domain trained with a given task. A further principle is that the effect of practice can be generalized beyond the
immediate training context (5). The tasks performed during the trainings may be paper and pencil, computerized or may simulate activities like
those of daily life. Usually, the level of di�culty of the tasks is calibrated to the person's abilities. In addition, adaptive training, in which the level
of di�culty of the task is modi�ed as the individual's performance improves, is increasingly being used through the diffusion of computerized
training (5).

Training improvements are found to be variable and linked to the phenomena of brain plasticity (6–7). Indeed, people with dementia, especially
mild dementia, can improve their cognitive abilities following cognition-focused interventions, showing the existence of compensatory
processes and the possibility of bene�ting from training. At the same time, individuals with MCI show a greater compensatory response than
those with dementia, so that cognitive training proves to be useful in modifying the trajectory of the disease by trying to slow down cognitive
decline. (7).

The effects of cognitive training range from mild to moderate in healthy older adults, elderly with MCI or with dementia (6, 8–9), with exceptions
reporting very robust results in older adults without cognitive impairment (10). Less is known about the duration of the effect of cognitive
training over time (6, 8–9).

To �ll the gap, we have conducted a systematic review of the literature to return a comprehensive overview of how cognitive training impacts
healthy older adults over time and its impact on disease progression in people with MCI and dementia. Speci�cally, we have assessed whether
the bene�ts obtained with the intervention are maintained after the cognitive training. This is tested by analyzing subjects’ performance across
the period following the training completion. We have considered multiple variables: involved population, training domains, effect
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transferability, and training length. In addition, we have ascertained the impact of additional training sessions, also called booster session, in
developing long-term results.

2. Method
We conducted the current systematic review in compliance with the PRISMA statement (11). The search was limited to English language
articles published between May 2003 and May 2021. Search terms were developed using the search terms outlined in Table 1, we conducted
the systematic search of the following databases Scopus, PubMed, Wos, and CINAHL databases. The investigation had included several
keywords that were combined using the Boolean operators "AND" and "OR" and "AND NOT". The word "cognitive training" was combined with
different populations and with several words referring to long-term results. Table 1 shows the used strings together with the �lter set.

Table 1
The table shows the search terms and �lters used in online databases.

SEARCH
TERMS

AND/OR AND NOT

Cognitive
training;

Mild or moderate dementia; healthy adult; dementia; prevention;
cognitive reserve; longitudinal study; follow-up study; long term effects;
computer based

Parkinson’s disease; autism; child; children; ADHD;
schizophrenia; transcranial stimulation; cross over
study

INCLUSION CRITERIA

The studies were included if they were peer-reviewed, randomized-controlled studies and related to cognitive training as de�ned by Bahar-Fuchs
et al. (5). In addition, participants were healthy people, people with MCI or people with mild to moderate dementia, aged from 50 years. To be
selected, the studies had to included follow-up analyses and the results of the post-training assessment. Finally, studies in which training was
combined with cognition-oriented interventions (such as cognitive stimulation or rehabilitation) were included.

EXCLUSION CRITERIA

Studies focused on the assessment immediately following the intervention were excluded, as well as those papers in which training was
combined with interventions not directed at the cognitive domain, as for example motor, perceptual or sensory skills training, transcranial
stimulation, reminiscence, or occupational therapy. Finally, papers dealing with cognitive decline related to Parkinson's disease were excluded.

VARIABLES CONSIDERED

We counted how many studies reported that the improvements achieved because of the training remained stable in the follow-up analyses. We
also counted how many times the improvements reported in the post-training kept increasing in the follow-up analyses.

As summarized above, the considered variables were the following:

POPULATION

Data were analyzed considering the different types of populations who received the training. Speci�cally, results were categorized as healthy
people, people with MCI and people with dementia. When a study compared different groups, we evaluate each group separately.

FUNCTIONS

included cognitive functions were language, processing speed, visual-spatial abilities, attention, memory, and executive functions. Speci�cally,
inhibition, reasoning, problem-solving, verbal �uency and working memory were categorized under the domain of executive functioning. In
addition, anxiety, depression, quality of life and daily functioning were included as emotional-behavioral aspects related to cognitive training.

DOMAIN

Interventions training in one of the domains mentioned above was classi�ed as single-domain training. Conversely, we considered multi-domain
training those that operated on two different domains at least sequentially or simultaneously. Where studies compare the effectiveness of both
modalities, they were classi�ed as either single-domain training or multi-domain training.

TRANSFER

The training shows a direct effect if it improves the skills practiced during the training. The training showed a far transfer effect if it enhances
skills that were not the focus of the training or led to the improvement of emotional-behavioral aspects.
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BOOSTER SESSIONS

The sessions conducted at the end of the training and the subsequent follow-up evaluations were considered boosters. Speci�cally, the session
should represent an abbreviated version of the original intervention (12).

3. Results
As shown in Fig. 1, a total of 1063 papers were identi�ed, including 322 duplicates. After analyzing titles and abstracts, the studies not meeting
the inclusion criteria were excluded. A total of 47 studies were considered.

The selected studies had different characteristics (see Table 2). The studies involved different populations and interventions: 30 studies
involved healthy people (12–41), 9 studies involved people with MCI (42–50) and 3 studies involved people with mild to moderate dementia
(51–53). In a few studies, samples were mixed, healthy people and people with MCI (54), healthy people and people with dementia (55–56),
people with MCI or dementia (57–58).
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Table 2
in the table are reported the following variables: author of the study, moments of valuation, length of primary intervention, presence of booster

sessions, typology of training (single or multi-domain), cognitive functions trained, effect of the training in the follow-up (direct effect or far
transfer effect) and for how many months or years the effect is maintained after the end of the training.

AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

          MULTI
DOMAIN

  FAR
TRANSFER
EFFECT

 

12 healthy
people

1) baseline 12 sessions for 8 sessions multi-domain memory after
booster
sessions:

3 months

    2) PT 30 minutes of 50
minutes

  executive
function

direct
effect

after
booster
sessions

    3) 3 years
PT

(once a week) twice a
week

  speed of
processing

   

    4) after
booster
sessions

           

    5) 3 month
after
booster
sessions

           

13 healthy
people

1) baseline 10 sessions X multi-domain memory far transfer
effect

3 months

    2) PT of 45 minutes     attention    

    3) 3
months PT

      executive
function

   

14                

1° study healthy
people

1) baseline 3 sessions X single-
domain

executive
function

direct
effect

6 months

    2) PT of 30/40
minutes

         

    3) 6
months PT

in 3 forys          

2° study healthy
people

1) baseline 6 sessions X single-
domain

executive
function

direct
effect

6 months

    2) PT of 30/40
minutes

         

    3) 6
months PT

in 2 weeks          

15 healthy
people

1) baseline 5 sessions X multi-domain memory far transfer
effect

1 year

    2) PT of 120 minutes     attention    

    3) 6
months PT

(1 session
every

    executive
function

   

    4) 1 year
PT

2 weeks)     visuospatial    

            skills    

16 healthy
people

1) baseline 15 sessions X single-
domain

executive
function

/ /

    2) PT of 20 minutes          
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

    3) 3
months PT

(3 sessions          

      for 5 weeks)          

17 healthy
people

1) baseline 14 sessions X multi-domain memory / /

    2) PT of 90 minutes     attention    

    3) 1 year
PT

(2 sessions     executive
function

   

      for 7 weeks)          

18 healthy
people

1) baseline 24 sessions X single-
domain

ragionamento single-
domain:

1 year

    2) 1 year
PT

of 1 hour   multi-domain memory direct
effect

 

      (2 sessions for     executive
function

   

      12 weeks)     visuospatial multi-
domain:

1 year

            skills far transfer
effect

 

19 healthy
people

1) baseline 15 sessions X single-
domain

executive
function

/ /

    2) PT of 45 minutes          

    3) 18
months PT

(3 sessions          

      for 5 weeks)          

20 healthy
people

1) baseline 27 sessions 1 booster
session

multi-domain memory / /

    2) PT of 40 minutes per month   attention    

    3) after last
booster

(3 sessions of   executive
function

   

    session for 8 weeks) 40 minutes        

        (for 3
months)

       

21 healthy
people

1) baseline 12 sessions X single-
domain

executive
function

/ /

    2) PT of 45 minutes          

    3) 3
months PT

(3 sessions   single-
domain

executive
function

/ /

      for 4 weeks)          

22 healthy
people

1) baseline 24 sessions X single-
domain

executive
function

direct
effect

3 months

    2) PT of 30 minutes          

    3) 3
months PT

(3 sessions          

    4) 6
months PT

for 8 weeks)          
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

23 healthy
people

1) baseline 15 sessions X single-
domain

executive
function

/ /

    2) PT of 45/60          

    3) 1 year
PT

minutes          

      (3 sessions          

      for 5 weeks)          

24 healthy
people

1) baseline 50 sessions X single-
domain

executive
function

direct
effect

6 months

    2) PT of 45/60   single-
domain

visuospatial
skills

direct
effect

6 months

    3) 6
months PT

minutes   single-
domain

visuospatial
skills

/ /

      (5 session for          

      10 weeks)   multi-domain executive
function

far transfer
effect

6 months

            visuospatial
skills

   

25 healthy
people

1) baseline 50 sessions X single-
domain

executive
function

/ /

    2) PT of 1 hour          

    3) 3
months PT

(5 sessions          

      for 10 weeks)          

26 healthy
people

1) baseline 12 sessions X multi-domain memory / /

    2) PT of 90 minutes     attention    

    3) 1 year
PT

(2 sessions     executive
function

   

      for 6 weeks)          

27 healthy
people

1) baseline 24 sessions X multi-domain executive
function

/ /

    2) PT of 1 hour     memory    

    3) 5 years
PT

(2 sessions          

      for 12 weeks)          

28 healthy
people

1) baseline 10 sessions 4 sessions single-
domain

executive
function

/ /

    2) PT of 60/75 of 75
minutes

single-
domain

memory / /

    3) 1 year
PT

minutes at month 11 single-
domain

speed of
processing

before
booster
sessions:

 

    4) 2 years
PT

in 5/6 weeks and at
month 35

    risk
reduction

10 years

    5) 3 years
PT

  after     after
booster
sessions:
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

    6) 5 years
PT

  the primary
intervention

    risk
reduction

7 years

    7) 10 years
PT

          after
booster
sessions

29 healthy
people

1) baseline 24 sessions X multi-domain attention direct
effect

6 months

    2) PT of 1 hour     memory    

    3) 6
months PT

(2 sessions          

      for 12 weeks)          

30 healthy
people

1) baseline 10 sessions X single-
domain

speed of
processing

direct
effect

2 years

    2) PT of 1 hour          

    3) 1 year
PT

           

    4) 2 years
PT

           

31 healthy
people

1) baseline 10 hours of 4 hours of
training

single-
domain

speed of
processing

/ /

    2) 1 years
after

training in at month 5
and at

       

    baseline 5–6 weeks month 11        

        after the
primary

       

        intervention        

32 healthy
people

1) baseline 60 sessions X multi-domain attention direct
effect

3 months

    2) PT of 1 hour     speed of
processing

   

    3) 3
months PT

(in 3 months)          

33 healthy
people

1) baseline 24 sessions 1 session of single-
domain

executive
function

before
booster
sessions:

 

    2) PT of 1 hour 1 hour, every     far transfer
effect

1 year

    3) 6
months PT

(2 sessions month for 3
months

    after
booster
sessions:

 

    4) 1 year
PT

for 12 weeks) (after 6
months

multi-domain memory far transfer
effect

6 months
after
boosters

        from the   executive
function

before
booster
sessions:

 

        primary
intervention)

    far transfer
effect

1 year

              after
booster
sessions:
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

              far transfer
effect

6 months
after
boosters

34 healthy
people

1) baseline 36 sessions 24 sessions single-
domain

memory after
booster
sessions:

immediatly
after

    2) PT for 30 minutes for 30
minutes

    far transfer
effect

booster
sessions

    3) 3
months PT

(in 3 months) (in 3
months)

       

        in the 3
months

       

        after the        

        primary
intervention

       

35 healthy
people

1) baseline 12 sessions X single-
domain

multitasking
capacity

direct
effect

6 months

    2) PT for 1 hour          

    3) 6
months PT

(3 sessions          

      for 4 weeks)          

36 healthy
people

1) baseline 60 minutes X multi-domain memory direct
effect

3 months

    2) PT per day     executive
function

   

    3) 3
months PT

for 5 times at
week

    speed of
processing

   

      (for 8/10
weeks)

         

37 healthy
people

1) baseline 10 sessions 4 sessions single-
domain

executive
function

before
booster
sessions:

 

    2) PT for 60/75 for 75
minutes

    direct
effect

10 years

    3) 1 year
PT

minutes at month 11     after
booster
sessions:

 

    4) 2 years
PT

in 5/6 weeks and at
month 35

    direct
effect

7 years
after
boosters

    5) 3 years
PT

  after the
primary

single-
domain

speed of
processing

before
booster
sessions:

 

    6) 5 years
PT

  intervention     direct
effect

10 years

    7) 10 years
PT

        after
booster
sessions:

 

              direct
effect

7 years
after
boosters
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

          single-
domain

memory before
booster
sessions:

 

              direct
effect

5 years

              after
booster
sessions:

 

              / /

38 healthy
people

1) baseline 12 sessions X multi-domain memory / /

    2) PT for 90 minutes     attention    

    3) 9
months PT

(1 sessions     executive
function

   

      for 12 weeks)          

39 healthy
people

1) baseline 3 sessions for X single-
domain

executive
function

far transfer
effect

8 months

    2) PT 60 minutes          

    3) 8
months PT

(in 2 weeks)          

40 healthy
people

1) baseline 20 minutes X multi-domain memory direct
effect

3 weeks

    2) PT every day for     executive
function

   

    3) 3 weeks
PT

21 days     speed of
processing

   

41 healthy
people

1) baseline every phase
consists

every phase multi-domain executive
function

/ /

    phase 1 of after the
phase 1

  attention    

    2) after
phase 1

20 sessions is
considered
a

  language    

    3) 1 year
after

for 50 minutes booster
session

  memory    

    the end of
phase 1

(2 sessions          

    phase 2 for 12 weeks)          

    4) after the
phase 2

           

    5) 1 year
after

80 total
sessions

         

    phase 2            

    phase 3            

    6) after
phase 3

           

    7) 1 year
after

           

    phase 3            
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

    phase 4            

    8) after
phase 4

           

42 MCI 1) baseline 120/160
minutes

X multi-domain memory / /

    2) PT of training     executive
function

   

    3) 1 year
PT

every week     visuospatial
skills

   

      (for 6 months)          

43 MCI 1) baseline 30 minutes X multi-domain executive
function

far transfer
effect

3 months

    2) PT every day for     attention    

    3) 3
months PT

12 weeks     language    

            visuospatial
skills

   

44 MCI 1) baseline 8 sessions for 1 session multi-domain memory before
booster
sessions:

 

    2) PT 120 minutes for 120
minutes

  attention direct
effect

3 months

    3) 3
months PT

  after 3
months
after

    after
booster
sessions:

 

    4) 6
months PT

  the end of
the primary

    direct
effect

3 months

        intervention        

45 MCI 1) baseline 12 hours of
training

4 sessions
for

single-
domain

memory after
booster
sessions:

20 months

    2) PT   2 hours     direct
effect

after
booster
sessions

    3) 4
months PT

  (once a
week

       

    5) 1 year
PT

(2 sessions 3 months
after the end

       

    6) 2 years
PT

for 6 weeks) of primary
intervention)

       

46 MCI 1) baseline 48 sessions for X multi-domain memory far transfer
effect

6 months

    2) 12
months
after
baseline

120 minutes     attention    

      (2 sessions     speed of
processing

   

      for 24 weeks)          

47 MCI 1) baseline 24 sessions X multi-domain memory direct
effect

6 months
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

    2) PT for 1 hour     executive
function

   

    3) 6
months PT

(2 sessions     attention    

      for 12 weeks)          

48 MCI 1) baseline 5 sessions for X single-
domain

memory direct
effect

4 months

    2) 2 weeks
PT

90 minutes          

    3) 4
months PT

(1 session for          

      5 weeks)          

49 MCI 1) baseline 10 sessions for 2 booster
session:

multi-domain memory before
booster
sessions:

 

    2) 5 weeks
PT

90 minutes the �rst
booster

  attention far transfer
effect

1 month

    3) 1 year
PT

in 5 weeks after 6
months

  executive
function

after
booster
sessions:

 

    4) 2 years
PT

  after the
baseline
valutation

  speed of
processing

direct
effect

1 year
after
booster

        the second
booster

  language    

        after 1 year
follow-up

       

        valuation        

50 MCI 1) baseline 25 sessions for X single-
domain

executive
function

direct
effect

3 months

    2) PT 40 minutes   single-
domain

executive
function

direct
effect

3 months

    3) 3
months PT

(in 5–7 weeks)          

51 mild
dementia

1) baseline �rst training: 2 training single-
domain

executive
function

before
booster
sessions:

 

    2) after the
�rst

6 sessions for
30

separated     far transfer
effect

1 month

    training minutes from 1
month of
break

       

    3) after (1 session for for this the
second

    after
booster
sessions:

 

    1 month 6 weeks) training is     far trasnfer
effect

3 months
after
booster

    4) after the
end of the

  considered
a booster of

       

    second
training

second
training:

the �rst        
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

    5) after 1
month after

6 sessions for
30

         

    the second
training

minutes          

    6) 3
months
after

(1 session for          

    the second
training

6 weeks)          

52 dementia:
from mild to

1) baseline 24 sessions extra
training

single-
domain

executive
function

before
boosters

/

  moderate 2) PT for 45 minutes       after
booster
sessions:

/

    3) 3
months PT

(2 sessions for          

      12 weeks)          

53 dementia:
from mild to

1) baseline 48 sessions X multi-domain memory direct
effect

6 months

  moderate 2) PT for 75 minutes     attention    

    3) 6
months PT

(2 sessions for     executive
function

   

      24 weeks)     language    

            visuospatial
skills

   

54 healthy
people

1) baseline 25 sessions X single-
domain

executive
function

far transfer 3 months

  MCI 2) PT for 45 minutes   healthy
people

     

    3) 3
months PT

(5 sessions          

      for 5 weeks)   single-
domain

executive
function

direct
effect

3 months

          MCI      

55 dementia:
from mild to

1) baseline 3 times at week X multi-domain memory / /

  moderate 2) PT for   healthy
people

activities    

  healthy
people

3) 3 weeks
PT

4 weeks     of daily life    

          multi-domain memory / /

          dementia activities of    

            daily life    

56 healthy
people

1) baseline 12 sessions for X multi-domain memory / /

  dementia 2) PT 45 minutes   healthy
people

language    

    3) 2
months PT

(2 sessions     visuospatial
skills
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AUTHOR POPULATION VALUATION PRIMARY
INTERVENTION

BOOSTER
SESSION

SINGLE OR COGNITIVE
FUNCTION

DIRECT
EFFECT
OR

DURATION
OF
EFFECTS

      for 6 weeks)     executive
function

   

            attention    

          multi-domain memory far transfer
effect

2 months

          dementia language    

            visuospatial
skills

   

            executive
function
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HEALTHY PEOPLE

Among the 33 studies involving healthy people (12–41, 54–56) (i.e., 30 works involved only healthy individuals and 3 works involved mixed
samples), 7 compared the effectiveness of different cognitive trainings (14, 18, 21, 24, 28, 33, 37). For that, a total of 44 intervention groups
were studied: 26 were single-domain training (14,16,18–19,21−25,28,30–31,33−35,37,39,54) and 18 were multi-domain training (12–13,15,17–18,20,24,26–

27,29,32–33,36,38,40–41,55−56).

The effect of cognitive training before the use of booster sessions

The analysis of the intervention groups showed that 24 groups out of 44 improved their performance in the follow-up analyses, in comparison
to the baseline assessment, before the use of booster sessions (13–15, 18, 22, 24, 28–30, 32–33, 35–37, 39–40, 54). Of these 24 groups, 15
groups received single-domain training (14, 18, 22, 24, 28, 30, 33, 35, 37, 39, 54) and 9 groups received multi-domain training (13, 15, 18, 24, 29,
32–33, 36, 40).
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In the follow-up, 22 out of 24 groups maintained their performance in the follow-up analysis (13–14, 18, 22, 28–30, 32–33, 35–37, 39–40, 54);
in 2 out of 24 groups, the performance increased further (15, 24). Generally, bene�ts lasted from 3 weeks to 10 years after the intervention.
Speci�cally, 6 groups showed bene�ts between 3 weeks and 3 months (13, 22, 32, 36, 40, 54), while 7 groups demonstrated bene�ts during 6
months after training (14, 24, 29, 35). The group in the study of Borella et al. (39) showed positive intervention effects 8 months after the
training, whereas 5 groups had bene�ts even 1 year after the training (15, 18, 33). At the same time, 5 groups showed persistent effects 2 years
(30), 5 years (37) and 10 years (28, 37) after the training. In contrast, for the remaining 20 groups (12, 16–17, 19–21, 23–27, 31, 34, 38, 41, 55–
56), the improvements achieved with the training were not maintained or further ampli�ed in the follow-up analyses. However, the 20 groups
showed a maintenance of initial performance prior to the training.

Single-domain cognitive training

Eleven of the 15 groups using single-domain training showed that this type of training had a direct effect (14, 18, 22, 24, 30, 35, 37). Five groups
(14, 18, 22, 24) receiving a training focused on executive functions, lasting on average 17 hours over 5 weeks, improved their performance up to
1 year after the intervention. On the other hand, one group (24) indicated that exercising visual-spatial skills for 44 hours over 5 weeks improved
them compared to baseline during the following 6 months. At the same time, Vance et al. (30) found that exercising the speed of processing for
10 hours improved this ability up to 2 years. Anguera et al. (35) also noted that receiving a training focused on multitasking capacity lasting 12
hours in one month, showed bene�t during the following 6 months.

A particular case was represented by the ACTIVE study (37); 3 intervention groups had a direct effect. This work demonstrated that training
speed of processing and executive functions, for 11 hours in 6 weeks, improved the trained domains for up to 10 years after training.
Contemporary training memory for 11 hours in 6 weeks secured bene�ts for up to 5 years after the initial intervention.

In contrast, 3 groups (33, 39, 54) showed far transfer effects. Training executive functions for an average of 15 hours in 6 weeks led to an
increase in memory, attention, language, visual-spatial skills, and speed of processing for up to 1 year after the initial intervention.

Finally, within the ACTIVE study, Edwards et al. (28) found a 29% risk reduction of developing dementia for up to 10 years after the intervention.

Multi-domain cognitive training

Four out of the 9 groups using multi-domain training (29, 32, 36, 40) had a direct effect. Indeed, 2 groups showed that exercising attention and
memory (29), or attention and speed of processing (32), for an average of 42 hours over 3 months, led to improvements in memory (29), or
speed of processing (32), for up to 6 months after training. In addition, 2 groups (36, 40) indicated that training mainly on speed of processing
and executive functions, on average for 30 hours over 3 months, led to boosting speed of processing and executive functions from 3 weeks to 3
months after training.

The remaining 5 groups (13, 15, 18, 24, 33) showed that multi-domain training led to far transfer effects. Speci�cally, 2 groups (18, 33)
enhanced attention and language ability 1 year after a training focused on memory and executive functions which lasted 24 hours for 3
months. Binder et al. (24) indicated an improvement in attention for up to 6 months after training visual-spatial skills and executive functions
for 44 hours in 5 weeks. Kazazi et al. (13) showed an improvement in life quality 3 months after training attention and executive functions for 8
hours. Finally, Srisuwan et al. (15) demonstrated a reduction in anxiety 1 year after exercising attention, memory, executive functions, and
visual-spatial skills for 10 hours distributed across 2 months.

The effect of cognitive training after the use of booster sessions

Booster sessions were delivered within 13 groups (12, 20, 28, 31, 33–34, 37, 41). Seven of them maintained and ampli�ed bene�ts obtained
with the initial training for up to 7 years (12, 28, 33–34, 37).

Single-domain training booster sessions

Five of 7 intervention groups showed improved performance after the booster sessions adopting a single domain training (28, 33–34, 37). Of
these 5, 2 groups used the additional sessions targeting executive functions for 7 hours and noticed direct effects lasting from 3 months to 7
years after their use (33, 37). Further, Cheng et al. (33) showed that, by working on executive functions for 3 hours, the positive effect is also
transferred to speed of processing, visual-spatial and constructive skills for up to 6 months later. Rebok et al. (37) demonstrated booster
sessions’ direct effect on speed of processing when participants were trained for 10 hours, for up to 7 years after the sessions ended. Edwards
et al. (28) noted that additional sessions focusing on speed of processing further reduced the risk of dementia over the following 7 years.

Regarding memory training booster sessions, while Rebok et al. (37) showed their ineffectiveness, Optale et al. (34) found that sessions, used
for 18 hours, had a far transfer effect on executive functions, general cognitive functioning, and reduction of depressive symptoms.
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Multi-domain training booster sessions

Multi-domain training booster sessions were reported to produce positive effects in 2 groups (12, 33). The sessions, which averaged 5 hours,
primarily focused on memory and executive functions, which bene�tted from the sessions for 3 to 6 months after their use.

Moreover, Cheng et al. (33) noted far transfer effect on speed of processing, visuospatial and constructive abilities within 6 months after the
additional sessions.

PEOPLE WITH MCI

Among the 12 studies involving people with MCI (42–50, 54, 57–58) (i.e., 9 people with MCI and 3 mixed samples), some groups (50, 57)
compared the effectiveness of two interventions applied to two different groups. Therefore, a total of 14 intervention groups were analyzed. Of
these, 5 groups used single-domain training (45, 48, 50, 54), while 9 used multi-domain training (42–44, 46–47, 49, 57–58).

The effect of cognitive training before the use of booster sessions

Ten groups, including 4 single-domain training (48, 50, 54) and 6 multi-domain training (43–44, 46–47, 49, 57), demonstrated that cognitive
training improved the performance of individuals with MCI. This was demonstrated by comparing baseline performance against performance in
follow-up analysis, but before the use of booster sessions.

In the follow-up, 9 out of 10 groups maintained their performance in the follow-up analysis (43–44, 46–50, 54); in 1 out of 10 groups, the
performance increased further (57).

Bene�ts were evident from 1 to 9 months after training. Speci�cally, 7 intervention groups demonstrated gains from 1 to 4 months (43–44, 48–
50, 54). Moreover, 2 groups had positive results during the 6 months following the intervention (46–47). Only Gaitan et al. (57) found a
signi�cant effect 9 months after training.

The remaining 4 groups (42, 45, 57–58), on the other hand, showed that the training did not improve the subjects' performance, compared to
baseline, in the follow-up analyses before the booster sessions. Nevertheless, one of these studies (58) suggested that the performance of
individuals who underwent cognitive training, although not improving, was maintained up to 9 months after the intervention. This contrasted
with the control group, who showed a decline in performance.

Single-domain cognitive training

The 4 groups who underwent single-domain training showed a direct effect (48, 50, 54). Three intervention groups (50, 54) exercised executive
functions for an average of 18 hours over 5 weeks, improving them for up to 3 months after training. Kinsella et al. (48) showed that, when
exercised for 8 hours over 5 weeks, memory enhanced for up to 4 months after the intervention.

Multi-domain cognitive training

Of the 6 groups using multi-domain training, 2 groups showed direct effects. As a matter of fact, Belleville et al. (44) noted an improvement in
memory after exercising it, together with attention, for 16 hours in the following 3 months. On the other hand, Herrera et al. (47) showed an
improvement in executive functions up to 6 months after training this ability, together with memory and attention, for 24 hours over 3 months.

In contrast, 4 studies indicated a far transfer effect to untrained domains. Rojas et al. (46) found that training memory, attention, and speed of
processing for 96 hours over 6 months led to improvements in language and executive functions over the following 6 months. On the contrary,
2 intervention groups (43, 57) indicated that training various cognitive functions, such as attention, language, and executive functions, for an
average of 36 hours in 3 months reduced depression 3 months after the intervention (43) and anxiety 9 months later (57). Finally, Vidovich et al.
(49) showed that training memory, attention, language, speed of processing and executive functions for 15 hours in 5 weeks increased life’s
quality 1 month after the training.

The effect of cognitive training after the use of booster sessions

As regards booster sessions, 3 out of 14 groups used and noticed session effectiveness for 3 up to 20 months after their use (44–45, 49).

Single-domain training booster sessions

McDougall et al. (45) demonstrated that additional sessions of single-domain memory-focused training practiced for 8 hours in 1-month
improved memory in the following 20 months.

Multi-domain training booster sessions
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Belleville et al. (44) and Vidovich et al. (49) indicated that multi-domain training’s booster sessions, used for 2 hours, enhanced memory for 3
months (44) and executive function for 1 year (49) after using the booster sessions.

PEOPLE WITH DEMENTIA

Seven studies involved people with dementia (51–53, 55–58) (i.e., 3 people with dementia and 4 mixed samples). Only Gaitan et al. (57)
compared two different interventions. Thus, 8 intervention groups were analyzed, of which 2 used single-domain training (51–52) and 6 multi-
domain training (53, 55–58).

The effect of cognitive training before the use of booster sessions

The intervention groups' analysis showed that 4 out of 8 improved their performance in the time after the end of the intervention, compared to
the baseline assessment, before using booster sessions. One group was single-domain (51), and 3 groups were multi-domain (53, 56–57).

In the follow-up, 2 out of 4 groups maintained their performance in the follow-up analysis (53–56); in 2 out of 4 groups, the performance
increased further (51, 57).

Generally, bene�ts persisted from 1 to 9 months after the intervention. Speci�cally, bene�ts were maintained for 1 month (51), 2 months (56), 6
months (53) and 9 months (57) after training.

In contrast, the remaining 4 groups (52, 55, 57–58) showed no improvements in the follow-up analyses compared to baseline. Galante et al.
(58) indicated performance maintenance for the 9 months following the intervention. Meanwhile, the control group’s performance was
declining.

Single-domain cognitive training

Only the study of Shyu et al. (51) demonstrated the effectiveness of single-domain training. The training focused on executive functions for 3
hours over 6 weeks. It showed a far transfer effect: improving quality of life and reducing depressive symptoms within 1 month after training.

Multi-domain cognitive training

Three studies used multi-domain training. Trebbastoni et al. (53) found a direct effect of the training. As a matter of fact, the study showed that
training focused on attention, language, executive functions, and memory for 60 hours over 6 months led to just an improvement in memory.
The effect was stable for up to 6 months. Ekcroth-Bucher et al. (56), on the other hand, indicated that exercising different cognitive domains,
such as memory, language, and executive functions, for 9 hours in 6 weeks improved DRS scores up for 2 months after the interventions.
Finally, Gaitan et al. (57) indicated that training focused on attention, language, and executive functions for 30 hours over 3 months reduced
anxiety 9 months later.

The effect of cognitive training after the use of booster sessions

Regarding booster sessions, among the 8 intervention groups, only 2 groups used the booster sessions (51–52).

Single-domain training booster sessions

Shyu et al. (51) performed booster sessions of a single domain training for 3 hours over 6 weeks. The sessions focused on executive functions
helped reducing depressive symptoms while increasing quality of life, even after 3 months. In contrast, Kallio et al. (52) indicated the lack of
e�cacy of cognitive training and booster sessions in people with dementia.

4. Discussion And Conclusions
The systematic review highlights that cognitive training can improve the cognitive function of participants and then maintain it over time,
mainly when cognitive training is offered to healthy individuals or those with MCI.

The bene�ts for healthy individuals are particularly visible 6 months after the end of the training in most of the analyzed groups. However, some
groups reported persistent effects from 2 to 10 years after the intervention. People with MCI show evident bene�ts mainly during the �rst
months after the intervention. Nevertheless, almost all studies evaluating training effects on people with MCI show positive results across the
after-intervention phase. Regarding people with dementia, however, the results are controversial. Studies suggest that cognitive training can
maintain and improve cognitive functioning from 1 to 9 months after the intervention. Still, the small number of dedicated studies makes it
harder to gather conclusions. Furthermore, healthy people or people with MCI bene�t from both single-domain and multi-domain training. In
contrast, people with dementia seem to bene�t in terms of cognitive functioning only from multi-domain training. This result is not surprising
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since the diagnosis of dementia emerges following a de�cit in at least two cognitive domains (59) and considering multi-componential models
of intervention (60).

It also emerges that cognitive training, independently from the type (single or multi-domain), allows one to obtain direct effects on the trained
abilities and transfer one to cognitive domains or emotional-behavioral aspects not explicitly addressed by training.

Regarding booster sessions, the results of the studies are promising. The sessions proved to be useful for maintaining or extending the effects
of the training, especially in healthy people or people with MCI. The study by Felix et al. (12) is paradigmatic: 3 years after the primary
intervention, both the experimental group and the controls showed a drop in performance, with similar trend. The situation was then reversed
after using the additional sessions: while the controls continued to deteriorate, those who carried out the booster sessions showed an
improvement in their performance in the following months. In contrast, the sessions are deepened in a still small number of studies.

In conclusion, healthy individuals particularly seem to bene�t from training in the long term. Therefore, cognitive training can be a preventive
tool for healthy and active ageing, thanks to its ability to delay cognitive decline.

In addition, training seems to have sound long-term effects on young people (61), as brain plasticity is more signi�cant at a young age.
Consequently, early intervention could be the key to modifying the decline trajectories in cognitive abilities. This is because experiences made
throughout life, whether early in adulthood or old age, impact the brain’s structure and functioning and the brain's ability to react to changes
linked to age or disease. This is well shown by the STAC-r (62) and Spector and Orrell’s studies (60).

For what concerns people with MCI, almost all studies show improved cognitive functioning for about 6 months. Therefore, training could
postpone a possible diagnosis of dementia or change the evolution of the decline, reducing disability years and increasing the years of
independence (62).

People already living with dementia report only a slight long-term training effect, and, when present, they are found to be related only to multi-
domain training. Intervention’s lower e�cacy could be due to the small number of dementia-focused works that report follow-up analyses or
that residual abilities have decreased (62).

Furthermore, the �ndings of this review should be read considering the current situation. The drug therapies currently available for
neurocognitive diseases do not change the underlying pathogenic mechanisms of the disease, but they act by fading the clinical symptoms.
This is similar to training effects. However, cognitive training is less expensive than drugs and has no adverse effects (63). Moreover, cognitive
interventions can be combined with social and physical interventions, thus allowing better preservation of abilities over time (64–65).

Finally, cognitive training has another positive effect when treating people with dementia. Indeed, when performed in specialized centers, it
provides the carer with moments of respite from the pressing demands for support that the person with dementia places on them. Moreover,
respite could be fundamental in slowing down the cognitive deterioration because the caregiver can act even more e�ciently when their loved
one needs it.

However, future studies focusing more on long-term training effects are needed. It would be essential to clarify booster sessions’ bene�ts for
treating patients affected by dementia. In addition, it would be desirable to draw up training guidelines to share best practices regarding
bene�ts, intensity, and population type. Also, further studies could help understand which bene�ts are obtained accordingly to training
modalities (e.g., individual or group, single or multi-domain), individual characteristics and unique circumstances.
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Figures

Figure 1

The �ow chart shows the study selection process carried out following the PRISMA criteria.


