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Abstract

This study assesses the effectiveness of a multicomponent Longitudinal Cognitive Training (CT) program plus physical exercise
(PE) for people with Mild Cognitive Impairment (MCI). 155 people with MCI, completed a 3 years (3Y) CTþPE, whilst 133 were
control. Neuropsychological assessment was performed at baseline and 3 years later, whilst CTþPE had additional annual
assessments. According to the results, the 3Y CTþPE outperformed control in cognitive abilities (p < 0.002), and Activities of
Daily Living (ADL) (p < 0.001), stabilized their functional performances between 1st and 2nd year, but worsened in working and
verbal memory between 2nd and 3 rd year (p < 0.002). Control deteriorated in cognitive functions (p < 0.001) and ADL
(p < 0.001) after 3 years, whilst 1.33% of the experimental and 13.53% of the control group progressed to dementia (p < 0.001).
Longitudinal CTþPE improves cognitive performance and ADL in MCI and delay the progression to dementia.
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Introduction

Mild Cognitive Impairment (MCI) is considered to be the inter-

mediate diagnostic entity between normal ageing and demen-

tia, as well as a risk factor for progression to dementia.1 Taking

into account its crucial role as an in-between stage for normal

and abnormal functionality,2 it is quite significant to boost our

efforts towards implementing well-structured cognitive train-

ing programs, so as to delay dementia onset. Additionally, the

amnestic and multiple domain MCI (aMCImd) subtype is the

most frequent type of MCI in the general population,3 mainly

leading to AD, meaning that older adults with this subtype are

at greater risk to develop dementia in the future.4,5 According

to several works,6,7 cognitive training has been found to have a

protective role in older adults and mainly those who are at risk

of developing dementia. Moreover, Chertkow et al., (2006)8

supported that structured intervention in MCI can reverse and

prevent dementia onset through improvement of daily

functionality.

Interventions designed to ameliorate cognitive deficits in

MCI populations, involve cognitive stimulation (CS) and

cognitive training (CT) implemented in group sessions, cogni-

tive rehabilitation (CR) delivered individually and physical

training (PT). Specifically, CS includes various activities aim-

ing at improving social life and general cognitive ability, which

understandably are not personalized to the attendants’ needs.

On the contrary, CT is designed to improve specific cognitive

functions through guided practice and specialized tech-

niques,9,10 fact that constitutes it preferable. A typical example
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of CT effectiveness is that relatively recent data showed that

cognitive training promotes neuroplasticity in hippocampus in

MCI older adults,11 and as such it is considered the cornerstone

of early intervention.

As far as exercise is concerned, it has been found to improve

cognitive functionality both in MCI as well as those at risk of

developing dementia, both by several studies in literature,12-14

as well as by neuroimaging studies,15 which show that exercise

increases prefrontal cortex16 and anterior hippocampus.17

Additionally, apart from the fact that exercise activates neuro-

genesis,18 it also contributes to lower probability of cardiovas-

cular risk.19 Finally, it is worth mentioning that the

combination of cognitive and physical intervention in MCI

population has already be found to increase cognitive function-

ality as well as decrease the progression to dementia.20

To sum up, given that the combination of cognitive and

physical activities in older adults (especially in those with

MCI)21 is highly recommended, it is of utmost importance to

identify their longitudinal effect. Nevertheless, nearly none of

the conducted studies has validated the long-term effects thus

far, making this is a big gap the current study will try to fill.

Additionally, given the fact that no consensus about available

pharmacological treatment for MCI population exists, non-

pharmacological interventions are the only eligible option for

dementia protection. Moreover, another major task is to calcu-

late conversion rates to dementia among people with MCI who

have attended a longitudinal CT intervention. In case CT has

positive effect on the neuropsychological performance of par-

ticipants with MCI, it can be assumed that progression rates

will be lower compared to the control group.22 Conclusively, it

is similarly important to determine the longitudinal benefits of

cognitive training in MCI population, as well as whether CT

could lead to slowing progression to dementia in older adults

with MCI.

Day Care Center of the Greek Association of Alzheimer’s
Disease and Related Disorders “Saint Helen”: Structure
and Operation

The Day Care Centre of the Greek Association of Alzheimer’s

Disease and Related Disorders “Saint Helen”, (DCCSH),

started its operation in 2007 and provides early diagnosis via

neuropsychological assessment and neurological examination

for people with minor or major neurodegenerative disorders. In

specific, DCCSH is a prototype and well-organized center with

several facilities for the beneficiaries, this being the main rea-

son for the low percentage of their dropouts. The psychologists

of the DCCSH design specific prevention interventions for

minimizing the progression to dementia in MCI population,

as well as in cognitively intact older adults who are at risk of

developing dementia due to family history or other relevant

health problems. Therefore, any person who attends therapeutic

programs is free to participate for several years if his/her cog-

nitive deficits are maintained. Furthermore, the DCCSH also

operates as a clinical center by designing and applying rando-

mized control trials for research purposes.

In more detail, several non-pharmacological interventions

for people with MCI are implemented in a daily basis, such

as cognitive training, aiming at improving, maintaining or

restoring cognitive function through structured tasks.23 The

main focus of cognitive training is the enhancement of specific

cognitive functions such as attention, executive function, lan-

guage and memory, with the purpose to activate brain plasti-

city.24 Typical examples of tasks included in cognitive training

are, apart from cognitive exercises, learning new technologies

and foreign languages, as well as performing physical exercises

and other leisure activities such as dance, choir, drama and

painting. Based on the aforementioned programs’ implementa-

tion, the therapeutic target of the DCCSH towards MCI popu-

lation is the delay of cognitive decline. Most of the elders with

MCI decide to participate in the cognitive training programs for

diminishing the progression rates to dementia and therefore,

have a great compliance to the programs’ attendance. In spe-

cific, people with late MCI, who according to Alzheimer’s

Disease Neuroimaging Initiative (ADNI) observational

study,25 have multiple neuropsychological deficits, participate

in many cognitive training programs for several days per week,

as well as in several leisure activities. Finally, people with early

MCI, i.e. those who belong to earlier stages of the MCI clinical

spectrum,26 also participate in a well-structured intervention

program consisting of 3 therapeutic cognitive training pro-

grams plus physical intervention.

Conceptual Framework

The theoretical background behind the current study is that

continuous and systematic training offers more benefits than

short time interventions.27,28 Continuous training can possibly

help people with MCI to maintain or even improve their cog-

nitive performance for several years, leading to reduced pro-

gression rates to dementia and better daily functionality, which

is the ultimate goal of cognitive training. Therefore, it would be

of significant importance to identify a) whether this kind of

training could have longitudinal efficacy in MCI population,

b) if the 3 years of training are better than one and c) if more

training can actually stabilize the cognitive performance or

increase it. Additionally, Wang et al. (2014)29 highlighted the

gap in the literature concerning the long-term benefits of cog-

nitive training in MCI population. Hence, it is of clinical value

to identify the protective role of cognitive training programs

against progression to dementia. Finally, MCI is a quite hetero-

geneous group, and therefore it is really important to figure out

whether cognitive training shows similar effects across differ-

ent MCI subtypes.

To test our hypothesis, we used the great amount of data

existing to the DCCSH’s electronic database. The DCCSH

applies several combinations of different cognitive training

programs to the participants for a long time, and therefore has

a large database, which give us the capacity to evaluate the

effectiveness of a continuous and systematic multicomponent
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3-years intervention. Moreover, a second goal of the current

study is to provide more data regarding the progression rates

from MCI to dementia, in those who attended cognitive train-

ing programs and those who didn’t over a 3 years’ period.

The present study is a database one. The primary aim was to

evaluate the impact of a combination of 6 different cognitive

training programs and a physical exercise program, in Greek-

speaking people, aged from 60 to 80 years with MCI, over a 3

years period and also to investigate if the 3 years of training

offers more effectiveness in comparison to no training, to 1 and

2 years of training. The secondary aim was to determine the

progression rates from MCI to dementia during this period. In

more detail, our main hypotheses were the following: a) the

experimental group after 3 years of continuous and systematic

cognitive training would present a better cognitive (measured

by neuropsychological tests which assess verbal & visual mem-

ory, attention and executive function) and functional perfor-

mance (measured either by neuropsychological tests or rating

scales of daily function) compared to the control group

(between-group analysis), b) the experimental group after

3 years of training would improve their cognitive and func-

tional performance, whereas the control group would present

deterioration in the above abilities (within-group analyses),

c) the experimental group would show stability of performance

compared to the performance after 1 and 2 years of training

(in contrast to b, where the comparison was performed between

1 and 3 years), and d) the experimental group would present

lower progression rates after 3 years compared to the control

group which would show higher progression rates.

Materials and Methods

Design

The current study has retrieved its sample from the electronic

database of the DCCSH, during the period from 2008 to 2019.

All participants registered to the electronic database gave writ-

ten informed consent at the time of their initial clinical visit and

in every follow-up assessment, agreeing that the DCCSH staff

could use their basic demographic information such as age,

gender, and education, as well as their total scores of neurop-

sychological tests for research reasons. Therefore, all necessary

data were exported from the aforementioned database towards

the conduction of the study. Finally, this study was approved by

the Scientific and Ethics Committee of Alzheimer Hellas

(Scientific Committee Approved Meeting Number: 6/28-3-

2008) and the principles outlined in the Helsinki Declaration.

Participants

The participants exported from the electronic database were

visitors of the DCCSH diagnosed with aMCImd according to

Winblad criteria30 by specialized health professionals. The

diagnosis was supported by neurological examination, neurop-

sychological and neuropsychiatric assessment, medical/social

history, neuroimaging, and blood tests, all of which were stored

in the electronic database. Additionally, it is worthwhile

mentioning that participant selection, group creation, and data

analysis, were conducted by the researchers in a blind way,

since the database was exported without any personalized

information.

In this specific study 2 levels of user filtering (inclusion-

exclusion criteria) were utilized: The first level included the

baseline inclusion and exclusion criteria based on which each

participant was selected from the aforementioned database.

The inclusion criteria were the diagnosis of MCI based on

Winblad criteria, the neuropsychological assessment and the

neurological examination. The exclusion criteria were: (a) exis-

tence of severe behavioral or neuropsychiatric symptoms, such

as aggressiveness, irritability, or apathy as that could affect the

validity of the diagnosis, (b) other neurological disorders such

as epilepsy, stroke, or hydrocephalus, (c) existence of any ter-

minal illness, (d) mental illness, (e) pharmacological treatment

with cholinesterase inhibitors, antipsychotic, and anticholiner-

gic drugs, and (f) sensory deficits. The reason behind the exclu-

sion of mental illnesses such as anxiety and depression is that

the existence of such emotional diseases lower the effective-

ness of cognitive training.

The second level of filtering consisted of specific research-

oriented criteria which are described next. Out of the 5.299

people registered to the database, 730 had 3 follow-up neurop-

sychological assessments during the 3 years, and were there-

fore included in the study. According to the database, 227

people didn’t take part in any kind of non-pharmacological

interventions (even though they wanted to participate to inter-

ventions, they did not, due to family obligations, large distance

to DCC, mobility problems etc.), whereas 503 participated in a

combination of cognitive interventions and physical exercise.

From the total sample of the control group, 94 people were

excluded from the study for specific reasons that are presented

in detail in Figure 1. The final total sample of the control group

was 133 older adults with aMCImd. Concerning the experi-

mental group, out of the 503 people who were exported from

the database, 348 people were excluded. The reasons of exclu-

sion are also presented at Figure 1. Therefore, the total number

of participants of the experimental group was 155 people (Fig-

ure 1). Participants did not significantly differ in age (p ¼
0.276), gender (p ¼ 0.369), education (p ¼ 0.246) and severity

of cognitive abilities (p� 0.050). Demographics characteristics

of the participants are presented at Table 1.

The Interventions

During the 12 years of study, different cognitive training pro-

grams were administered to the DCCSH, towards avoiding the

participants’ drop out by giving them motivation to continue

participating in the training groups. The theory behind the cur-

rent study is that, by adding different stimuli and tasks to CT

programs, new experiences and stimuli are offered to patients,

that could be effective for the brain’s function. All the CT

programs were administered in groups of 8 people, who com-

pleted tasks with internal and external levels of difficulty.

Every CT program approximately lasted 1 hour. The

Poptsi et al 3



participants were visiting the DCCSH once a week and they

completed a combination of 3 different CT programs (for 3

hours with an intermediate break) and 1 hour of physical activ-

ity. Overall, they had to complete 36 sessions per year, includ-

ing an intermediate break for 3 months, during the summer.

Each program was practicing a broad area of cognitive func-

tions such as attention (visual-auditory, sustained-divided),

language (naming) and aspects of executive function (working

memory, inhibition, shifting, cognitive flexibility). As regards

the training programs, Table 2 presents a summary of the

selected programs, the cognitive abilities each program prac-

tices, as well as the means each cognitive training program

utilizes. Afterwards, an extended description of the cognitive

training programs is also presented.

1st Year of Training

During the first year of training, people with MCI participated

in a specific combination of programs. The cognitive training

programs, as well as the specific abilities they were practicing

are the following:

1. Training by using discussion and commentary on a

documentary video

In this program, different videos with social, scientific,

and religious content, are used as sources of visual and

auditory stimulation. The training includes 4 tasks. Initially,

participants are asked to watch part of a video and after-

wards they are encouraged to recall parts of its content, and

Figure 1. Chart flow of the study.
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answer related questions by using paper and pencil. Selec-

tive auditory attention and working memory are triggered in

each session.

Example

At this point, you will hear some information regarding

obesity. It is important to carefully listen and try to answer the

following questions, once the audio passage is completed.

1. What is obesity?

2. What type of obesity is more frequent in men?

3. How many surgical methods exist?

Subsequently, a dual-task (divided attention) is given where

participants are encouraged to perform 2 tasks at the same time;

an auditory one, which is to count the number of a specific

word being heard while watching the video, and a motor one,

that is to open and close their hands in an alternative way.

During the next task, a distinct frame on the video is being

freezed and participants are asked to pay attention to the spe-

cific image. Afterwards, they try to answer questions in order to

train the selective visual attention, visuospatial attention,

updating of visual working memory and finally shifting of

visual attention. At the end of the training, a task of abstract

thinking is also included. Participants are given a few minutes

to complete their view towards the pros and cons of the partic-

ular subject that is presented through the initial video they

watched earlier. Enrichment of verbal fluency is also expected

to occur, among other cognitive benefits.

2. Attention and executive function tasks applied by

paper and pencil

The primary aim of this program was to enhance the various

subtypes of attention and aspects of executive function, while

the secondary one was the enhancement of visual-verbal

Table 1. Demographic Characteristics, M (SD) of Group’s
Participants.

Characteristics / cognitive -
functional performance M (SD)

C/G
(n ¼ 133)

CTþPE/G
(n ¼ 150) P

Age 67.11 (9.10) 68.12 (6.31) 0.276
Gender M/F (w2) 22/111 31/118 0.369
Education 10.69 (4.68) 11.31 (4.19) 0.246
MMSEa 27.28 (2.24) 27.70 (1.82) 0.088
FUCASb 43.93 (2.36) 43.87 (2.36) 0.813
FRSSDb 3.54 (2.17) 3.61 (2.22) 0.788
RAVLT2a 10.73 (4.15) 10.55 (2.59) 0.578
RAVLT3a 7.90 (3.25) 7.68 (3.23) 0.570
RBMT2a 11.06 (3.67) 11.42 (3.90) 0.516
ROCFTa 11.71 (6.42) 12.94 (6.34) 0.116
RAVLTa 4.87 (2.01) 4.90 (1.98) 0.892
RBMT1a 12.11 (3.39) 12.39 (3.53) 0.434
FASa 10.26 (4.15) 9.77 (3.47) 0.327
TEAa 47.82 (12.63) 47.00 (11.72) 0.246

Abbreviations: C/G, control group; CTþPE/G cognitive training plus physical
exercises group; MMSE, Mini Mental State Examination; FUCAS, Functional
Cognitive Assessment; FRSSD, Functional Rating Scale for Symptoms of
Dementia; RAVLT2, Rey Auditory Verbal Learning Test-Learning Ability;
RAVLT2, Rey Auditory Verbal Learning Test-Delayed words recall; RBMT2,
Rivermead Behavioral Memory Test-Delayed History Recall; ROCFT, Rey
Osterrieth Complex Figure Test-Figure recall; RAVLT1, Rey Auditory Verbal
Learning-Working memory; RBMT1, Rivermead Behavioral Memory Test-
Working Memory; FAS, Verbal Fluency Test; TEA, Visual selective attention; M
(SD), mean (standard deviation); w2, Pearson chi square.
a More points/better performance.
b Less Points/better performance.

Table 2. Summary of Programs, Cognitive Abilities and Means of Cognitive Training.

Name of program Cognitive trained abilities Mean of training

Training by using discussion
and commentary on a
documentary video

Selective auditory and visual attention, working
memory, updating of working memory, divided
attention, shifting of visual attention, abstract
thinking, semantic vocabulary

Video, oral discussion, paper and pencil

Attention and executive
function tasks applied by
paper and pencil

Visual selective attention, updating of working memory,
switching of attention, shifting of visuospatial
attention, divided attention, visual-verbal memory

Paper and pencil

Computer-based training of
attention and executive
function

Visual/verbal memory, visual-spatial abilities, visual
selective attention, working memory, abstract
thinking, language, updating of working memory,
processing speed

Complete brain workout software, tasks of Pyramids,
Color ties, Linker, Matching pairs, Symbol block, Box
Pacer, Color matching, Shape Match, Correct change,
Number balance

RHEA: Cognitive training by
using kinetic instructions

Visuospatial abilities, attentional abilities, executive
function, and language skills

Motion, wreaths, boards with letters, cards with colors,
shapes, and numbers, corridors with numbers, balls,
wands, rings, and cones.

Language Intervention Semantic expression, semantic comprehension and
phonemic expression of language, selective attention
and shift of attention, working memory, inhibition
control, executive function

Paper and pencil

Cognitive training through
musical stimuli

Selective attention, divided attention, working memory,
short-term and long-term memory, language

Greek familiar songs, lyrics of music

Physical Intervention Visual perception, attention, memory, abstract thinking,
and language

Physical exercises

Poptsi et al 5



memory, including the teaching of memory strategies and com-

prised levels of difficulty. The program is presented in detail by

Kosta-Tsolaki et al., 2017.31

3. Computer-based training of attention and executive

function

The primary aim of the computer-based (C-BCT) program

was the enhancement of attention and executive function, while

the secondary one was the enhancement of visual /verbal mem-

ory and visual-spatial abilities. The C-BCT used the 10 differ-

ent tasks (Pyramids, Color tiles, Linker, Matching pairs,

Symbol block, Box Pacer, Color matching, Shape Match, Cor-

rect change, Number balance) chosen from the “Complete

brain workout” software (Oak Systems). For more information

regarding the program’s implementation and its effectiveness

see Kosta-Tsolaki et al., 2017.31

2nd Year of Training

The CT programs of the second year of intervention and the

specific abilities they were practicing were:

1. RHEA: Cognitive training by using kinetic

instructions

This program was designed in order to enhance visuospatial

abilities, attentional abilities, executive function, and language

skills via the execution of motion instructions. Each session

includes 5 visuomotor and verbal-kinetic tasks, including

visual and verbal kinetic stimuli, respectively. The program

comprised 2 increasing levels of difficulty. During the tasks,

participants are encouraged to use personal strategies towards

executing and completing the tasks. The program’s implemen-

tation and its effectiveness are presented in Kounti et al., in

2011.32

2. Language Intervention

Language training included tasks, focused on the training

and enhancement of semantic expression, semantic compre-

hension and phonemic expression of language. The tasks were

ecologically valid, as they were derived from activities of daily

living (ADL). Each set of cognitive tasks had 3 levels of dif-

ficulty. For more information see Poptsi et al, 2019.33

3. Cognitive Training Through Musical Stimuli

Cognitive training through musical stimuli includes directed

music application for achieving specific therapeutic aims, such

as the improvement of cognitive and functional performance.

Training sessions include 5 cognitive tasks and each of them

activates specific cognitive abilities. The trained cognitive abil-

ities are selective attention, divided attention, working mem-

ory, short-term and long-term memory, as well as language.

The program utilizes a great variety of cognitive tasks in order

to keep participants’ interest vivid. Music stimuli, which are

famous Greek songs, play a major role in cognitive training,

accompanying the cognitive tasks. The meaning, the number

and the category of the provided cues (lyrics of music), are

utilized as stimuli in order to activate cognitive abilities.

Patients are asked to fill gaps, match sounds with images, and

also name and mark images which they hear in the songs, etc.

Example of the music stimuli session

Task 1: At this task, the participants are given a paper with

the lyrics of a song in the wrong order. Simultaneously, the

aforementioned song is heard and the participants are asked to

change the order of the lyrics by placing the correct number in

front of each verse.

Physical Intervention

The physical intervention took part during all 3 years of inter-

vention. The program was a multicomponent one (combination

of aerobic, strength, flexibility and balance exercises) designed

to address the physical, functional and cognitive impairments

of people with MCI. The aims of the exercises were a) to

maintain muscle strength and joint flexibility, b) to provide a

gentle cardiopulmonary workout, c) to help the participants

maintain body awareness through the sensation of movement,

d) to provide a pleasurable experience and a sense of compe-

tence in being able to participate along with the other members

of the group and move freely, and e) to enhance their cognitive

functions such as visual perception, attention, memory, abstract

thinking, and language. Each PE group was exercised for 2-3

times/week for 60 min. each time. The intensity was between

45% to 75% of HR (heart rate).

The program consists of simple and complex exercise rou-

tines, where the exercise leader provides simple, rhythmic

instructions with simple verbal, visual and manual cues, since

their combination makes them more effective. The same words

are used each time, and the exercise routine is presented in the

same way each time, using a calm, rhythmic intonation, which

helps towards reinforcing learning and establishment of pat-

terns. Instructions are faded out as soon as it is obvious that

the participant knows what is doing. The participants should

execute the exercise routines by counting loud each repetition

either using digits or the alphabet letters in ascending or des-

cending way.

Example of an exercise session at a seated position

Exercise 1. Simple exercise routine: Shoulders: Shrug both

shoulders x 10 (counting each repetition using digits from 1 to

10 slowly – keeping the same rhythm).

Exercise 2. Complex exercise routine – dual task: Shrug

both shoulders while performing knee extensions with both

legs X 10 (counting each repetition using digits from 10 to 1

slowly – keeping the same rhythm).

3 rd Year of Training

The CT programs of the first year, as well as the program of the

physical exercise, were repeated in the third year of interven-

tion by using a different version of tasks.

6 Journal of Geriatric Psychiatry and Neurology XX(X)



Instruments of Neuropsychological Assessment

The assessment used in order to support the diagnosis included

psychometric tests and specifically the MMSE34,35 which

assesses general cognitive function and the Functional Cogni-

tive Assessment Scale,36 which assesses directly from the

examinee the ability to execute 6 different activities of daily

life. The Functional Rating Scale for Symptoms of Dementia37

was used for evaluating ADL (evaluates caregiver’s opinion

about daily function of people with cognitive disorders), while

the Geriatric Depression Scale38,39 and the Short Anxiety

Screening Test40,41 were used in order to exclude people with

affective disorders. Finally, the Neuropsychiatric Inven-

tory42,43 was employed for the evaluation of neuropsychiatric

symptoms and the Global Deterioration Scale,44 to set the stage

of the diagnosis.

The program’s effectiveness was examined by neuropsycho-

logical assessment performed at baseline, and at the end of each

year for 3 consecutive years. Therefore, the 2 groups had 3 hours

neuropsychological assessments at baseline, at the first, the sec-

ond and the third year. Each group was examined and followed

up at the same time and place from the same neuropsychologist.

Neuropsychological assessment included also a comprehensive

battery of psychometric tests (1) Rey Auditory Verbal Learning

test (RAVLT)45,46 for verbal memory; (2) Rey Osterrieth Com-

plex Figure test for visual memory and visual constructive abil-

ities;47,48 (3) Rivermead Behavioral test (RBMT; history

subtest),49,50 for verbal episodic memory; (4) the total score of

Verbal Fluency test (FAS),51,52 for executive function, and

(5) the Test of Everyday Attention (subtask map searching),53

for the assessment of visual selective attention. In order to avoid

practice effects different test versions were utilized wherever

necessary, namely, the Taylor’s Complex Figure Test54 for

visual memory and visual constructive abilities and California

Auditory Verbal Learning55 for verbal memory.

Data Statistical Analysis

The statistical analysis was performed with the IBM SPSS

Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp1

23.0. Age, gender and education were analyzed at baseline using

a Univariate analysis (ANOVA) and Fisher’s exact test, when

necessary. In order to determine whether there was any signifi-

cant difference among the groups and times of assessment, a

mixed measures ANOVA with a 2 (group: experimental-control)

x 2 (time of assessment: pretest, posttest) was used. Multivariate

analysis of variance (MANOVA) was also used. The within

group effect of training for both groups among the baseline and

the 3 rd follow-up assessment was analyzed with repeated

measures analysis of variance (rANOVAS). Moreover, extra

within group comparisons among the 1st and 3 rd year and the

2nd and 3 rd year for the CTþPE/G, were also conducted. The

rANOVAS were also used for the evaluation of the effect of

time of assessment for the control group between the baseline

and 3rd year. Because of the expanded assessment battery, the

Bonferroni correction was utilized. Therefore, the level of

statistical significance was set at a¼ 0.003. Finally, Pearson’s

chi square was used for calculating whether or not the differ-

ence between the 2 groups progression rates to dementia were

statistically significant.

Results

The Effect of Group and Assessment Time among the
Baseline Assessment and the 3 Years Follow-up

Baseline measurements showed that there were no statistically

significant differences between the 2 groups in demographic

characteristics such as age (p ¼ 0.276), gender (p ¼ 0.369) or

education (p¼ 0.246), and also in all measures of cognitive and

functional tests that were used (Table 1). The effects of groups

and assessment time among the experimental and control

groups among the pre-test (baseline assessment) and the post-

test assessment (3 years later) are presented below.

The Effects of Groups and Assessment Time in ADL

Mixed measures analysis of variance showed that there was not

a main effect of time of assessment, but a significant interaction

effect, F(1, 283) ¼ 14.5 p < 0.001, Z2 ¼ .05 was noticed in the

Functional Rating Scale for Dementia - ADL (FRSSD). The

subsequent MANOVA, with group as the independent variable

and performance in 2 times of assessment as the dependent

ones, F(1, 283) ¼ 2.59 p < 0.001, Z2 ¼ .16, showed that at the

post test the experimental group was better than the control

group (p < 0.003) (Table 3).

Table 3. Differences in Performance at the 3rd Follow-Up (After 3
Years) Between the Groups.

Cognitive / functional
performance MO (SD) C/G (n ¼ 133) CTþPE/G (n ¼ 150) p

MMSEa 26.79 (3.47) 27.90 (2.65) 0.024
FUCASb 45.66 (5.72) 43.64 (2.00) 0.000
FRSSDb 4.34 (3.29) 3.22 (2.01) 0.003
RAVLT2a 10.75 (3.97) 11.78 (2.47) 0.002
RAVLT3a 7.80 (3.77) 9.65 (3.29) 0.002
RBMT2a 9.82 (4.33) 11.13 (3.62) 0.016
ROCFTa 12.98 (6.25) 15.60 (7.06) 0.042
RAVLT1a 5.22 (2.15) 6.28 (2.46) 0.026
RBMT1a 10.72 (3.90) 11.85 (3.49) 0.021
FASa 10.05 (3.69) 12.00 (3.34) 0.000
TEAa 47.82 (12.68) 47.00 (11.72) 0.246

Abbreviations: C/G, control group; CTþPE/G cognitive training plus physical
exercises group; MMSE, Mini Mental State Examination; FUCAS, Functional
Cognitive Assessment; FRSSD, Functional Rating Scale for Symptoms of
Dementia; RAVLT2, Rey Auditory Verbal Learning Test-Learning Ability;
RAVLT2, Rey Auditory Verbal Learning Test-Delayed words recall; RBMT2,
Rivermead Behavioral Memory Test-Delayed History Recall; ROCFT, Rey
Osterrieth Complex Figure Test-Figure recall; RAVLT1, Rey Auditory Verbal
Learning-Working memory; RBMT1, Rivermead Behavioral Memory Test-
Working Memory; FAS, Verbal Fluency Test; TEA, Visual selective attention;
M (SD), mean (standard deviation);
a More points/better performance.
b Less Points/better performance.
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As far as the second test of ADL is concerned (FUCAS),

there was a main effect of time of assessment, F(1, 283)¼ 10.8,

p < 0.001, Z2 ¼ .03, and a significant interaction effect, F(1,

283) ¼ 17.3, p < 0.001, Z2 ¼ .05. The subsequent MANOVA

with group as the independent variable and performance in 2

times of assessment as the dependent ones, F(1, 283) ¼ 2.59

p < 0.001, Z2 ¼ 16, showed that at the follow-up of 3 years

there was a significant effect of group in general functional

assessment F(1, 283) ¼ 12.95, p < 0.001, Z2 ¼ .06. The

CTþPE/G was found to have better performance than C/G

(p < 0.001) (Table 3). Within group analysis of variance

(repeated measures) between pre-test and post-test in each

group separately, showed that C/G deteriorated (p < 0.001),

while non-significant differences were noticed regarding the

CTþPE/G performance in the above ability (Table 4).

The Effects of Groups and Assessment Time in Episodic
Verbal and Visual Memory

As far as the total learning ability (RAVLT) is concerned, there

were also a main effect of time of assessment, F(1, 283)¼ 16.9,

p < 0.001, Z2 ¼ .12, and a significant interaction effect,

F(1, 283) ¼ 11.6, p < 0.001, Z2 ¼ .09. The subsequent

MANOVA with group as the independent variable and perfor-

mance in 2 times of assessment as the dependent ones,

F(1, 283) ¼ 2.59 p < 0.001, Z2 ¼ .16, showed that at the

follow-up there was a significant effect of group on total learn-

ing ability (RAVLT), F(1, 283)¼ 9.95 p < 0.001, Z2¼ .02. The

CTþPE/G scored higher than the control group (p < 0.003)

(Table 3). Within group analysis between baseline and

follow-up, showed that the CTþPE/G improved in learning

ability (p < 0.002), while the C/G showed no change at the

above ability (p > 0.05) (Table 4).

Regarding the delayed recall (RAVLT), a main effect of

time of assessment, F(1, 283) ¼ 32.5 p < 0.001, Z2 ¼ .10, and

a significant interaction effect, F(1, 283) ¼ 40.7 p < 0.001,

Z2 ¼ 13, were also noticed. The subsequent MANOVA,

F(1, 283) ¼ 2.59 p < 0.001, Z2 ¼ .16, showed that at the

post-test there was a significant effect of group on delayed

recall (RAVLT), F(1, 283) ¼ 9.44, p < 0.001, Z2 ¼ .04. The

CTþPE/G was better than the C/G (p < 0.002) (Table 3).

Repeated measures between baseline and follow-up assessment

showed that after the training, the CTþPE/G showed improve-

ment in delayed recall (RAVLT) (p < 0.001), while the C/G

stabilized its performance and showed neither improvement

nor deterioration regarding delayed recall (p > 0.05) (Table 4).

The delayed recall of a history assessed by RBMT, showed

that there was a significant main effect of time of assessment,

F(1, 283) ¼ 12.6 p < 0.001, Z2¼ .04, and no interaction effect.

Within group analysis showed that C/G was improved in

Table 4. Difference in Groups’ Performance Between Baseline and 3 Years Follow-Up.

Cognitive /functional performance Groups At baseline M (SD) 3 years follow-up M (SD) p

MMSEa CTþPE/G 27.70 (1.82) 27.90 (2.65) 0.385
C/G 27.28 (2.24) 26.79 (3.47) 0.031

FUCASb CTþPE/G 43.87 (2.36) 43.64 (2.00) 0.342
C/G 43.93 (2.36) 45.66 (5.72) 0.000

FRSSDb CTþPE/G 3.61 (2.22) 3.22 (2.01) 0.090
C/G 3.54 (2.17) 4.34 (3.29) 0.001

RAVLT2a CTþPE/G 10.55 (2.59) 11.78 (2.47) 0.000
C/G 10.73 (4.15) 10.75 (3.97) 0.644

RAVLT3a CTþPE/G 7.68 (3.23) 9.65 (3.29) 0.000
C/G 7.90 (3.25) 7.80 (3.77) 0.653

RBMT2a CTþPE/G 11.42 (3.90) 11.13 (3.62) 0.355
C/G 11.06 (3.67) 9.82 (4.33) 0.000

ROCFTa CTþPE/G 12.94 (6.34) 15.60 (7.06) 0.000
C/G 11.71 (6.42) 12.98 (6.25) 0.040

RAVLT1a CTþPE/G 4.90 (1.98) 6.28 (2.46) 0.009
C/G 4.87 (2.01) 5.22 (2.15) 0.040

RBMT1a CTþPE/G 12.39 (3.53) 11.85 (3.49) 0.068
C/G 12.11 (3.39) 10.72 (3.90) 0.000

FASa CTþPE/G 9.77 (3.47) 12.00 (3.34) 0.000
C/G 10.26 (4.15) 10.05 (3.69) 0.117

TEAa CTþPE/G 47.00 (11.72) 47.29 (11.72) 0.068
C/G 47.82 (12.63) 43.83 (14.82) 0.000

Abbreviations: C/G, control group; CTþPE/G cognitive training plus physical exercises group; MMSE, Mini Mental State Examination; FUCAS, Functional Cognitive
Assessment; FRSSD, Functional Rating Scale for Symptoms of Dementia; RAVLT2, Rey Auditory Verbal Learning Test-Learning Ability; RAVLT2, Rey Auditory
Verbal Learning Test-Delayed words recall; RBMT2, Rivermead Behavioral Memory Test-Delayed History Recall; ROCFT, Rey Osterrieth Complex Figure Test-
Figure recall; RAVLT1, Rey Auditory Verbal Learning-Working memory; RBMT1, Rivermead Behavioral Memory Test-Working Memory; FAS, Verbal Fluency
Test; TEA, Visual selective attention; M (SD), mean (standard deviation);
aMore points/better performance.
bLess Points/better performance.
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delayed recall of a history (p < 0.001), whereas CTþPE/G

didn’t show any improvement or deterioration (p > 0.05)

(Table 4).

Regarding the visual memory (ROCFT) the analysis showed

that there was a main effect of time of assessment F(1, 283) ¼
26.5 p < 0.001, Z2 ¼ .09, and no interaction effect. Within

group analysis showed that the CTþPE/G group at follow-up

improved the ability of visual memory (p < 0.001). The C/G

showed no improvement or deterioration in this ability (p >

0.05) (Table 4).

The Effects of Groups and Assessment Time in Executive
Function and Attention

As far as the working memory of RBMT is concerned the

analysis showed that there was a main effect of time of assess-

ment, F(1, 283) ¼ 21.6 p < 0.001, Z2 ¼ .07, but not an inter-

action effect. Repeated measures between pre-test and post-test

values showed that at the post-test the C/G showed deteriora-

tion (p < 0.001). The CTþPE/G showed neither deterioration

nor improvement in this test (p > 0.05) (Table 4).

According to the results in the total verbal fluency assessed

by FAS test, a main effect of time of assessment, F(1, 283) ¼
24.2 p < 0.001, Z2 ¼ .10, and a significant interaction effect

F(1, 283) ¼ 46.0 p < 0.001, Z2 .17, were noticed. MANOVA

test, F(1, 283) ¼ 2.59 p < 0.001, Z2 ¼ .16, showed that at the

post-test there was a significant effect of group in total verbal

fluency (FAS) F(1, 283) ¼ 23.8 p < 0.001, Z2 ¼ .11. The

CTþPE/G showed better performance than the C/G (p <

0.001). Within group analysis showed that the CTþPE/G was

improved in total verbal fluency (FAS) 3 years after the base-

line assessment (p < 0.001). Control group didn’t show any

improvement or deterioration to the relative ability (p > 0.05)

(Table 4).

Finally, there was a main effect of time of assessment F (1,

283) ¼ 7.06 p < 0.001, Z2 ¼ .01, but not a significant effect on

selective visual attention of the Test of Everyday Attention

(TEA). The rANOVAS showed that at the post-test the C/G

deteriorated in visual selective attention (p < 0.001), whereas

CTþPE/G showed neither improvement nor deterioration to

this test (p > 0.05) (Table 4).

The Effect of Time of Assessment Regarding the
Experimental Group among the 1st and the 3 rd Year

As far as the comparison between the 1st and the 3 rd year is

concerned, the within group comparison showed that there was

no statistically significant difference between these assess-

ments (Table 5).

The Effect of Time of Assessment Regarding the
Experimental Group Between the 2nd and the 3 rd Year

Regarding the comparison between the 2nd and the 3 rd assess-

ment, rANOVAS were used. According to the results, the

within group analysis showed that there was a statistically sig-

nificant difference between the 2nd and the 3 rd year. The

CTþPE/G at the third follow-up (3 years later) deteriorated

in working memory (RBMT) (p < 0.001) and in verbal memory

(RBMT) (p < 0.002) (Table 5).

The Rate of Progression to Dementia, 3 Years After the
Baseline Diagnosis

The rate of progression to dementia appeared to be signifi-

cantly different among the groups, chi-square (2) ¼ 17.54,

p < 0.001. Two people (n ¼ 2) out of the 155 participants of

the CTþPE/G progressed to dementia (1.33%) in the third year

while 18 out of 133 participants of the control group were

Table 5. Difference in Experimental’s Group Performance Among the 1st and the 3rd Year and Among the 2nd and the 3rd Year’s Follow-Up.

Cognitive / functional performance 1 year follow-up M (SD) 2 years follow-up M (SD) 3 years follow-up M (SD) p* p**

MMSEa 28.18 (1.80) 28.22 (1.62) 27.90 (2.65) 0.259 0.138
FUCASb 43.70 (2.39) 43.47 (1.82) 43.64 (2.00) 0.791 0.354
FRSSDb 3.44 (2.16) 3.26 (1.73) 3.22 (2.01) 0.385 0.781
RAVLT2a 11.40 (2.70) 11.71 (2.51) 11.78 (2.47) 0.071 0.761
RAVLT3a 9.04 (3.54) 9.51 (3.19) 9.65 (3.29) 0.036 0.492
RBMT2a 11.76 (3.90) 12.38 (4.97) 11.13 (3.62) 0.026 0.002
ROCFTa 15.54 (9.42) 15.62 (6.94) 15.60 (7.06) 0.964 0.773
RAVLT1a 5.76 (2.07) 6.20 (2.21) 6.28 (2.46) 0.011 0.722
RBMT1a 12.52 (3.40) 12.83 (3.27) 11.85 (3.49) 0.026 0.001
FASa 11.30 (3.13) 11.85 (3.36) 12.00 (3.34) 0.032 0.652
TEAa 49.15 (10.85) 49.13 (11.75) 47.00 (11.72) 0.675 0.371

Abbreviations: C/G, control group; CTþPE/G cognitive training plus physical exercises group; MMSE, Mini Mental State Examination; FUCAS, Functional Cognitive
Assessment; FRSSD, Functional Rating Scale for Symptoms of Dementia; RAVLT2, Rey Auditory Verbal Learning Test-Learning Ability; RAVLT3, Rey Auditory
Verbal Learning Test-Delayed words recall; RBMT2, Rivermead Behavioral Memory Test-Delayed History Recall; ROCFT, Rey Osterrieth Complex Figure Test-
Figure recall; RAVLT1, Rey Auditory Verbal Learning-Working memory; RBMT1, Rivermead Behavioral Memory Test-Working Memory; FAS, Verbal Fluency
Test; TEA, Visual selective attention; M (SD), mean (standard deviation); p*¼ significant difference among 1st and 3rd follow-up; p**¼ significant difference among
2nd and 3rd follow-up.
a More points/better performance.
b Less Points/better performance.
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diagnosed with dementia, 3 years after the baseline assessment

(13.53%) (Table 6).

Post-Hoc Power Analysis

Finally, in order to assess whether our results had a strong

statistical power, a post hoc power analysis was conducted

using the software package, GPower 3.1.9.4.56 The sample size

of 283 was used for the statistical power analysis and the num-

ber of 11 measurements was used as a baseline. The effect size

used for this assessment was the large one (f 2 ¼ .35) and the

alpha level was p < .05. The post hoc analysis revealed that the

statistical power for this study is .82. Thus, there was more than

adequate power at the large effect size level.

Discussion

The current study aimed at identifying the longitudinal effect of

CT, including cognitive tasks as well as physical exercise.

Given that MCI population maintains a satisfactory level of

cognitive functions, they are regarded as an ideal population

for cognitive training deployment, as well as for measuring its

efficacy.

The first assumption of our study was that after 3 years of

continuous and systematic cognitive training, the experimental

group would present a better cognitive and functional perfor-

mance compared to the control group. As Table 3 indicates, the

experimental group scored higher in almost all cognitive and

functional tests in comparison to the control group. It is worth

mentioning that at this study we utilized a quite strict level of

statistical significance (a ¼ 0.003) according to Bonferroni

correction, therefore we kept as significant different only the

values which were lower or equal with 0.003.

In more detail, if we process the results, we can observe that

the experimental group showed improvement to the over-

whelming majority of cognitive tests used in this study. The

most prominent differences were found in the total learning

ability and delayed recall, as measured by RAVLT, and also

in the phonemic fluency measured by FAS. Regarding ADL,

measured by FRSSD, the experimental group outperformed the

control group, constituting a quite important result, since it

provides evidence that cognitive training can transfer the pri-

mary cognitive effect to daily life, being the ultimate goal of

every similar program. Therefore, our study provides data that

the combination of cognitive and physical training in a weekly

basis over a 3 years period enhances cognition as well as ADL

in people with aMCImd. This fact is quite important given that

this diagnostic category is related to great risk of developing

dementia.4 Moreover, it is of foremost significance to highlight

that due to the non-pharmacological programs’ implementa-

tion, the progression to dementia was diminished in this pop-

ulation in comparison to the control group. Our results are in

agreement with these of previous research.57-59 However, the

clinical significance of our results derives from the fact that in

our study we recruited a large number of participants, which

the aforementioned studies lacked. Additionally, despite that

the previous studies suggested that the cognitive training

approach is efficient in MCI population, to our knowledge,

there are almost no previous studies measuring the longitudinal

effect of a continuous cognitive training program along with

physical exercise in such a long period of time.

Similar studies showed that RBMT and RAVLT immediate

and delayed recall were found to be improved in MCI popula-

tion after an 8-sessions training program compared to the con-

trol group, according to the study by Olchik, Farina, Steibel,

Teixeira, & Yassuda (2013),60 which is in agreement to our

study, mainly for the RAVLT test. Therefore, authors suggest

that MCI participants had similar scores to these of cognitively

intact elders, providing strong support of the neuroplasticity

theory. Perhaps if we had assessments after shorter periods,

as in the aforementioned study,60 we could also have better

results in RBMT. However, in our study, attention abilities and

also aspects of executive function were practiced. Therefore,

we didn’t expect great differences in all utilized tests that mea-

sure other cognitive functions (e.g., episodic memory), even

though we expected some change/ improvement through the

mechanism of generalization. Additionally, a relatively recent

review by Jean, Bergeron, Thivierge, and Simard (2010)61

showed significant improvement in the 44% of the objective

psychometric tools which measure memory in comparison to

the 12% of those that measure cognitive functions other than

memory in amnestic MCI population. This evidence highlights

the significant effect of cognitive training in memory which is

concordant with our study. Furthermore, there is also evidence

that visuo-spatial as well as attentional abilities were gradually

impaired in individuals with MCI over a 12 months period,

although the sequence of their development was heteroge-

neous.62 These findings are also in accordance with ours, given

that the participants with aMCImd who constituted our control

group, had lower scores in almost the majority of cognitive as

well as functional tests after the 3 rd year of assessment. More-

over, positive effects of cognitive and physical training on

general cognitive ability, as measured by the ADAS-cog, were

also observed in the study by Maffei et al. (2017).57 It is worth

mentioning that in their study they found increased cerebral

blood flow in individuals with MCI who took part in the afore-

mentioned non-pharmacological interventions. Specifically,

they found that cerebral blood flow was increased in Medial

Temporal Lobe, and mainly in para-hippocampal regions, in

individuals with MCI who participated in cognitive as well as

in physical training. Additionally, Zlokovic (2011)63 suggests

that the reduced cerebral blood flow contributes to increased

beta-amyloidosis. However, no significant effects were found

Table 6. Progression Rates Between the 2 Groups.

Progressed Percent % No progressed Total number

C/G 18 13.53% 115 133
CTþPE/G 2 1.33% 148 155

Abbreviations: C/G, control group; CTþPE/G cognitive training plus physical
exercises group
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between MCI and control group in the grey matter volume,

which according to authors, can be attributed to the small num-

ber of participants.

As far as the third aim of this study is concerned, it was

hypothesized that the experimental group would show stability

of performance compared to the performance after 1 and 2

years of training. The further within analysis of the experimen-

tal group showed that there were no alterations among the first

and the second year, whilst a significant deterioration was

noticed among the second and the third year for working as

well as for verbal memory. However, the CTþPE/G managed

to maintain stable performance in the rest of the cognitive and

functional tests. What is of foremost importance is the fact that

the majority of cognitive domains were not found to differ

between the first, second and third follow-up assessments. By

comparing the performances between the 3 years, we assume

that the experimental group managed to maintain the benefit

yielded from the first year of training to the second and the

third year, stabilizing the cognitive performance. However,

the extra 2 years of training didn’t manage to further improve

the cognitive abilities. On the contrary there was a deterioration

especially in working and verbal memory, which are abilities

sensitive to deterioration during the years and early markers of

further cognitive decline.64,65 It is worth mentioning that in our

study, even though the experimental group showed either sta-

bility or deterioration among the second and the third year, it

didn’t show deterioration between the baseline and the third

year. This possibly reflects that the greater positive change in

cognitive functions occurs at the first year of training, while

more years of training can possibly help people with aMCImd

to maintain stable the cognitive effect yielded from the first

year. A previous study of our research group tried to investigate

the effectiveness of cognitive training during 1 and 2 years.27

Our previous results were similar as far as the first year of

training was concerned, however they were a bit different

regarding the second-year results. The aforementioned study

provides evidence that 2 years of cognitive training in people

with aMCImd is better than 1 year of training. Specifically, in

our older study 74 people attended a systematic 1-year cogni-

tive training program, while 41 of them attended the same

cognitive training program for 1 more year. The results showed

that compared to the group with 1 year of training, the 2 years

training group managed to show further improvement at the

second year of training in domains of episodic memory, exec-

utive function, and ADL, indicating that more training provides

more cognitive effects, in contrast to the current study which

presents stabilization and a slight deterioration in 2 tests. A

possible reason for this difference might be that at the previous

2 year’s study the sample was divided into 3 groups. Therefore,

the participants who continued the second year of training were

people with more powerful motivation than the 1-year

experimental group, a reason that possibly led to further

improvement. Also, in contrast to the present study the

aforementioned one lasted 2 years and not 3.

Despite that similar studies should shed light to the current

findings, in order to identify the real benefit of CT programs in

this population, it is equally important for participants with

aMCImd should have access to this kind of services, which

seem to be maintained during their participation in them.

Therefore, it is quite important to highlight the beneficial role

of CT program in this population because it is an inhibitor for

progressing to dementia.

As regards the last goal of our study, it was found that

cognitive and physical training can be effective at diminishing

the progression rates from MCI to dementia, which is in line

with a majority of studies27,28,29 highlighting the effective role

of this combination on participants with MCI.35 A complex

multimodal activity intervention to reduce the risk of dementia

in mild cognitive impairment, named ThinkingFit, has been

found to significantly reduce the rates of conversion to demen-

tia from MCI. Furthermore, according to the results of Finger

study,66 multidomain intervention including cognitive training

combined with physical exercise components, showed positive

effect in general cognitive function, as well as in secondary

outcomes (e.g., executive functioning and processing speed),

and also secondary benefits of health indexes (e.g., BMI, diet-

ary habits, and physical activity). Finally, combining physical

activity, which promotes neuronal activity and neurogenesis,

with cognitive interventions, which empower brain activity, is

a stepping stone for strengthening cognitive function, as well as

dementia prevention in MCI.67 To sum up, due to the fact that a

large majority of studies include the combination of physical

exercise and cognitive stimulation, the current research pro-

vided new knowledge about the combination of physical exer-

cise along with cognitive training which is also very effective at

reducing the risk of dementia.

Concerning the second goal related to dementia progression

in MCI who attended longitudinal non-pharmacological inter-

ventions, evidence by Fischer et al. (2007)68 showed that there

are increased progression rates from MCI (amnestic and non-

amnestic) to dementia after a 30 months period. Our results are

of a great clinical value because the number of individuals with

MCI who developed dementia after 36 months was smaller for

those who attended the above non pharmacological interven-

tion in comparison to the control group. Despite our findings

that the control group was at higher risk of developing demen-

tia, we didn’t analyze which is the most predictive test of

developing dementia, both in experimental, as well as in the

control group. According to Tabert et al. (2006),69 impairment

in verbal memory as well as psychomotor speed / executive

function can significantly predict progression to Alzheimer’s

disease. Moreover, according to a large study by Silva et al, in

2013,70 conducted in non-demented patients with subjective

complaints, Logical memory test significantly predicted the

progression to dementia after a 5 years period. A previous study

by Silva et al., (2012)71 also stated that verbal memory tests,

such as CVLT, are the most accurate predictors for dementia in

individuals with subjective cognitive complaints. The afore-

mentioned results can be indirectly verified by the current

study, since the experimental group had significantly higher

scores in episodic memory as well as in verbal memory tasks

across the different time spans. To conclude, older adults with
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aMCImd are in higher risk of progressing to dementia5 and

therefore they should be regarded as a population with high

priority in the implementation of cognitive combined to phys-

ical training programs.

To the best of our knowledge, there are very few studies

delineating the importance of cognitive training in reducing the

progression to dementia in MCI population. In more detail,

O’Caoimh, et al., in 2015,72 supported that cognitive training

can be regarded as a therapeutic approach in this population.

Additionally, the review by Mowszowski, Batchelor, &

Naismith (2010)73 suggests that cognitive training can be

beneficial in cognitively intact older adults and protective in

MCI population with increased risk of dementia, however its

efficacy in people living with mild dementia is still uncertain.

Taking into account the limited studies existing in this scien-

tific area, the added value of our study is the longitudinal

effectiveness of cognitive training after a 3 years period. Given

that we did not find previous studies including longitudinal

interventions, it is infeasible to compare our results.

Moreover, another significant contribution of the current

study is that via applying a well-structured cognitive training

program along with physical exercise tailored to the partici-

pants needs, we provide a practical solution to health profes-

sionals who implement this kind of training. In specific,

according to the review by Belleville (2008),74 positive effects

of cognitive training must be seen under the light of whether we

can generalize them in MCI population. Hence, by recruiting a

large number of participants, implementing 36 consecutive ses-

sions, and analyzing our programs’ structure, we aim at over-

coming the aforementioned barriers as provided by Belleville’s

review.

Strengths and Limitations of the Study

The most important contribution of this study is that it com-

prises a large sample of people with MCI. There are many

studies that evaluate the effectiveness of one or more cognitive

training programs with or without programs of physical exer-

cises, randomized or not.57,75-77 However, the most non-

pharmacological studies comprise small sample sizes, typically

having fewer than 50 individuals.78,79 Therefore, we consider

that the main strength of this study is the large number of

participants. The second advantage is that it concerns 3 years

of continuous cognitive training, which is a very long time

since most cognitive training studies last only for a few

weeks.62,80,81 Even though there are studies that last 2 years27

according to our knowledge the current study is the first one

which refers to 3 years of unceasing training (except for the

summer months for which the participants were on vacation).

The main limitation of the present study is that it is a data-

base study. There are many disadvantages of using databases

for outcome of conclusions. Selection bias, recall bias, and of

course many different healthcare professionals are involved in

patient care. These are unavoidable limitations in retrospective

studies.82 Furthermore, our study lacks an active controls’

group. The existence of an active control group would be

helpful to rule out the possibility that our results concerning

the improvement of the experimental group originated from a

placebo effect, even though it is not always accepted that stud-

ies which include active control are better than the studies that

don’t comprise control groups.83 Furthermore, one limitation

that is common to longitudinal researches is the high dropout

rates, which appeared in the current study as well. The last

limitation is that our study is not a randomized one, which

makes sense since it is a retrospective one. As a future work,

the next challenge to our research is to choose from the

Alzheimer Hellas electronic database all the cases who present

raised rates of risk factors of progression from MCI to dementia

and to control for biomarkers for determining the effectiveness

of the same intervention in a specific high-risk group. There-

fore, our next goal is to increase the homogeneity of the under-

research groups and to further expand the research to more than

3 years.

In conclusion, the current study is the first which attempts to

evaluate the effectiveness of a continuous and systematic mul-

ticomponent intervention comprising different programs of

cognitive training plus physical exercises for 3 years. Our

results showed that the present longitudinal intervention

improved cognitive and functional status in people with MCI

and can diminish the progression of MCI to dementia for at

least 3 years’ time period.
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62. Hodges J, Erzinçlioğlu S, Patterson K. Evolution of cognitive

deficits and conversion to dementia in patients with mild

14 Journal of Geriatric Psychiatry and Neurology XX(X)



cognitive impairment: a very-long-term follow-up study. Dement

Geriatr Cogn Disord. 2006;21(5-6):380-391. doi:10.1159/

000092534

63. Zlokovic B. Neurovascular pathways to neurodegeneration in

Alzheimer’s disease and other disorders. Nat Rev Neuroscience.

2011;12(12):723-738. doi:10.1038/nrn3114

64. Huntley J, Howard R. Working memory in early Alzheimer’s

disease: a neuropsychological review. Int J Geriatr Psychiatry.

2010;25(2):121-132. doi:10.1002/gps.2314

65. Lange K, Bondi M, Salmon D, et al. Decline in verbal memory

during preclinical Alzheimer’s disease: Examination of the effect

of APOE genotype. J Int Neuropsychol Soc. 2002;8(7):943-955.

doi:10.1017/S1355617702870096

66. Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain

intervention of diet, exercise, cognitive training, and vascular risk

monitoring versus control to prevent cognitive decline in at-risk

elderly people (FINGER): a randomised controlled trial. The Lan-

cet, 2015;385(9984):2255-2263.

67. Cheng ST. Cognitive reserve and the prevention of dementia: the

role of physical and cognitive activities. Curr Psychiatry Rep,

2016;18(9):1-12.

68. Fischer P, Jungwirth S, Zehetmayer S, et al. Conversion from

subtypes of mild cognitive impairment to Alzheimer dementia.

Neurology. 2007;68(4):288-291. doi:10.1212/01.wnl.

0000252358.03285.9d

69. Tabert M, Manly J, Liu X, et al. Neuropsychological prediction of

conversion to Alzheimer disease in patients with mild cognitive

impairment. Arch Gen Psychiatry. 2006;63(8):916-924. doi:10.

1001/archpsyc.63.8.916

70. Silva D, Guerreiro M, Santana I, et al. Prediction of long-term

(5 years) conversion to dementia using neuropsychological tests

in a memory clinic setting. J Alzheimers Dis. 2013;34(3):681-689.

doi:10.3233/JAD-122098

71. Silva D, Guerreiro M, Maroco J, et al. Comparison of four verbal

memory tests for the diagnosis and predictive value of mild cog-

nitive impairment. Dement Geriatr Cogni Dis Extra. 2012;2(1):

120-131. doi:10.1159/000336224

72. O’Caoimh R, Sato S, Wall J, et al. Potential for a “memory

gym” intervention to delay conversion of mild cognitive

impairment to dementia. J Am Med Dir Assoc. 2015;16(11):

998-999. doi:10.1016/j.jamda.2015.01.081

73. Mowszowski L, Batchelor J, Naismith S. Early intervention for

cognitive decline: can cognitive training be used as a selective

prevention technique? Int Psychogeriatr. 2010;22(4):537-548.

doi:10.1017/S1041610209991748

74. Belleville S. Cognitive training for persons with mild cognitive

impairment. Int Psychogeri. 2008;20(1):57-66. doi:10.1017/

S104161020700631X

75. Weng W, Liang J, Xue J, et al. The Transfer effects of cognitive

training on working memory among Chinese older adults with

mild cognitive impairment: a randomized controlled trial. Front

Aging Neurosci. 2019;11:212. doi:10.3389/fnagi.2019.00212

76. Montero Odasso M, Almeida Q, Camicioli R, et al. Preliminary

results from the synergic trial: a multimodal intervention for mild

cognitive impairment. Innovation in Aging. 2018;2(1):439-440.

doi:10.1093/geroni/igy023.1646

77. Hyer L, Scott C, Atkinson M, et al. Cognitive training program to

improve working memory in older adults with MCI. Clin Geron-

tol. 2015;39(5):410-427. doi:10.1080/07317115.2015.1120257

78. Park J, Kim S, Kim E, et al. Effect of 12-week home-based cog-

nitive training on cognitive function and brain metabolism in

patients with amnestic mild cognitive impairment. Clin Interv

Aging. 2019;14:1167. doi:10.2147/CIA.S200269

79. Liao Y, Tseng H, Lin Y, Wang C, Hsu W. Using virtual reality-

based training to improve cognitive function, instrumental activ-

ities of daily living and neural efficiency in older adults with mild

cognitive impairment. Eur J Phys Rehabil Med. 2020;56(1):

47-57. doi:10.1186/s13063-018-3143-0

80. Zhang K, Wang J, Peng G, et al. Effect of cognitive training on

episodic memory retrieval in amnestic mild cognitive impairment

patients: study protocol for a clinical randomized controlled trial.

Trials. 2019;20(1):26. doi:10.1186/s13063-018-3143-0

81. Lee G, Bang H, Lee K, et al. A comparison of the effects between

2 computerized cognitive training programs, Bettercog and COM-

COG, on elderly patients with MCI and mild dementia. Medicine.

2018;97(45): e13007. doi:10.1097/md.0000000000013007

82. Sedgwick P. Retrospective cohort studies: advantages and disad-

vantages. BMJ. 2014;348(24 1):1072-1072. doi:10.1136/bmj.

g1072

83. Boot W, Simons D, Stothart C, Stutts C. The pervasive problem

with placebos in psychology. Perspect Psychol Sci. 2013;8(4):

445-454. doi:10.1177/1745691613491271

Poptsi et al 15



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


