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1. Amnesic mild cognitive impairment (aMCI) do not have effective pharmacological treatment. 

2. Cognitive interventions could be an effective way to delay aMCI. 

3. Cognitive training programs show positive effects on global cognition in aMCI. 

4. It is essential to continue investigating cognitive interventions in aMCI. 
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Abstract 

Background: Amnesic mild cognitive impairment (aMCI) is considered a prodromal stage of 

Alzheimer’s disease. Given the absence of an effective pharmacological treatment for aMCI, 

increasing numbers of studies are attempting to understand how cognitive interventions could 

benefit these patients. The aim of the present review was to evaluate the efficacy of cognitive 

interventions programs in older adults with aMCI that assess global cognition using the Mini 

Mental State Examination (MMSE). 

Methods: We searched for randomized controlled trials (RCTs) and clinical trials published 

before March 2020 on PubMed, Web of Science, Cochrane Library, SCOPUS, and OTseeker. A 

total of 454 papers were identified and 7 studies that met the inclusion criteria, were included in 

this review. PRISMA guidelines were followed and PEDro scale was included for the 

measurement of the quality of the selected studies.  

Results: Cognitive training programs show positive effects on global cognition measured by 

MMSE. Cognitive training and cognitive rehabilitation programs seem to improve several 

cognitive domains in aMCI patient in both post-training and follow-up analysis. 

Conclusions: Our findings support that cognitive interventions may be an effective option for 

people with aMCI. Cognitive interventions led to improve global cognitive function post-

intervention, but also could enhance some cognitive domains post-intervention and at follow-up. 

However, more RCTs are needed to analyze the potential benefits of cognitive intervention on 

aMCI. 

Keywords: Cognition, Cognitive Training, Cognitive Rehabilitation, Cognitive Stimulation, 

Mini-Mental State Examination.  
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1. INTRODUCTION 

Amnesic mild cognitive impairment (aMCI) is considered a prodromal stage of Alzheimer’s 

disease (AD); actually around 75%-80% of aMCI patients finally develop AD1. The incidence of 

aMCI substantially varies between 8.5-25.9 per 1,000 person and its prevalence is increasing 

among elderly groups2. aMCI patients can be divided in two groups based in their deficits. Some 

patients have only memory impairment, called amnestic MCI single domain (aMCIs)3, whereas 

in others, aMCI is characterized by slight impairment in at least two cognitive domains4, for 

example in executive functions, verbal or visual memory, language, attention5-7, speed of 

processing, problem solving or visuospatial abilities5 , called amnestic MCI multiple domain 

(aMCImd).  

In patients with lower performances in tests of episodic memory and executive functions, it can 

predict the time to progression from aMCI to clinical diagnosis of AD8,9. Given the absence of an 

effective pharmacological treatment for aMCI10, clinical research is working on attempting to 

understand how effective cognitive interventions may be for patients with aMCI11 to optimize 

cognition12, and improve some cognitive domains13. Clare et al identified 3 possible approaches 

to cognitive interventions: 1) Cognitive stimulation, referring to the involvement in group 

activities designed to increase cognitive and social functioning14,15, 2) Cognitive rehabilitation, 

individualized interventions based on the assessment and understanding of the patient’s cognitive 

behavioral deficits16, 3) Cognitive training, computer or paper and pencil-based cognitive 

exercises aiming to provide a set of standardized tasks10. 

Several systematic reviews and meta-analysis13,17-24 have studied the cognitive intervention effects 

on cognition. However, only two included exclusively patients with aMCI19,20 and in both studies 

patients were also treated with pharmacological treatments. Since then, more than 1000 articles 

(randomized controlled trials and clinical trials) in elderly with MCI have been indexed in 

Pubmed.  

Therefore, it is necessary to update the systematic reviews of Simon et al, (2012)19 and Jean et al, 

(2010)20 and analyze the current knowledge about cognitive interventions on aMCI patients. This 
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type of intervention may optimize cognitive functioning, contribute to slow cognitive decline and 

delay the onset of dementia. The aim of the present review was to evaluate the efficacy of 

cognitive interventions programs in older adults with aMCI that assess global cognition using the 

Mini Mental State Examination (MMSE). 
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2. METHODS 

This work adheres the PRISMA [Preferred Reporting Items for Systematic Reviews and Meta-

Analyses] guidelines25 and was registered in PROSPERO (CRD42020189135). 

2.1. Information Sources and Study Selection: Literature search 

We searched for randomized controlled trials (RCTs) and clinical trials published up to March 

2020, exploring the effects of non-pharmacological interventions that included cognitive 

stimulation, cognitive rehabilitation and cognitive training, on cognitive outcomes in older adults 

diagnosed with aMCI. The databases of PubMed, Web of Science, Cochrane Collaborative 

Central Register of Controlled Trials, SCOPUS, and OTseeker were used in this search. The terms 

“cognitive stimulation”, “cognitive rehabilitation”, “cognitive training”, “memory training”, 

“memory intervention”, “cognitive dysfunction”, “mild cognitive impairment”, “amnesic mild 

cognitive impairment”, “Mini-Mental State Examination”, “MMSE”) were combined with 

boolean operators. The filters “Type of article” (randomized controlled trials and clinical trials), 

“Languages” (English or Spanish); “Ages” (65+ years) and “Species” (Humans) were applied. 

In addition to the previous search, we conducted a manual search from the reference lists of 

previously published systematic reviews and meta-analysis found in the literature and we included 

studies by hand that were not found through the search but did meet the inclusion criteria. 

2.2. Inclusion and exclusion criteria 

The inclusion criteria were: 

1) Randomized controlled trials and clinical trials. 

2) Studies that include participants who were diagnosed with aMCI and mean age over 65 years. 

3) Cognitive interventions based on cognitive stimulation, cognitive rehabilitation or cognitive 

training.  

4) Primary or secondary outcomes should measure global cognition by MMSE. 
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The exclusion criteria were:  

1) Studies that included diagnosis of other cognitive impairments and not only aMCI. 

2) Studies based of multicomponent interventions that included motor intervention, physical 

exercise or psychotherapeutic techniques. 

3) Studies that included healthy participants and it did not perform independently statistical 

analysis. 

 

2.3. Data Collection and Coding 

Two independent reviewers (I G-S., P P-M.) initially evaluated the studies according to titles and 

abstracts, identified by the search strategy. Then, the reviewers evaluated the completed articles 

and selected studies according to the specified eligibility criteria. Disagreements between the 

reviewers were resolved by a third reviewer (E L.). 

Three of the authors of the study (I G-S., P P-M. and E L.) independently extracted data from 

reading the full text articles to complete a priori data tables. Extracted data tables and articles 

were then reviewed by a four person for accuracy to ensure no errors. The following data was 

extracted from the selected studies: sample size, design study, setting study, characteristics of the 

participants (mean age), tools used to assess cognitive function, intervention, control group 

frequency if there were, blindness, intervention frequency, significant effect for intervention 

group, duration of follow-up, and information about the professional who applied the 

intervention. 

The PEDro scale26 was included for the measurement of the quality of the studies included in the 

review (Table 1). The total scores for methodological quality ranged from 7 to 9 points. The 

PEDro scale to indicate good quality equal to or greater than 5 points; therefore all studies 

included are from moderate to high quality.  
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Study 

(Author, 

year) 

Eligibility 

criteria 

Random 

allocation 

Concealed 

allocation 

Similar at 

baseline 

Blind 

subjects 

Blind 

therapist 

Blind 

assessors 

< 15% 

dropout 

Intention-to 

treat-analysis 

Between 

group 

comparison 

Point 

measures and 

variability 

Total 

Jean et al. 

201027 

1 1 - 1 - - 1 1 1 1 1 8 

Greenaway 

et al. 201232 

1 1 - 1 - - - 1 1 1 1 7 

Hampstead 

et al. 201233 

1 1 1 1 - - 1 1 1 1 1 9 

Tarnanas et 

al. 201428 

1 1 - 1 1 - 1 1 1 1 1 9 

Savulich et 

al. 201729 

1 1 1 1 - - - 1 1 1 1 8 

Poptsi et al. 

201930 

1 1 1 1 - - 1 - 1 1 1 8 

Park et al. 

201931 

1 1 1 1 - - - 1 1 1 1 8 

 

Table 1: PEDro scale of quality for eligible randomized controlled trials and randomized trials.  
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3. RESULTS 

3.1. Literature Search- Studies included 

The initial search provided a total of 454 records. After removing duplicates, 353 potentially 

relevant studies were found, of which 28 articles was selected based on title and abstract. After 

reading them, only 11 studies were included based on the full-text. Finally, seven studies27-33 were 

eligible for inclusion in the review: 5 studies27-31 were focused on cognitive training (two about 

computerized training), and 2 studies32,33 were focused on cognitive rehabilitation. Studies about 

cognitive stimulation were not included. Selection process are detailed in Figure 1. 
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Figure 1: Information flow through the different phases of this systematic review. 
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3.2. Studies Characteristics 

3.2.1. Participant characteristics and sample size. 

The main characteristics of the included studies are described in Table 2. Participants were mainly 

recruited from medical/ research settings such as medical center, clinics or hospitals. In the 7 

studies included in the present review, the number of individuals with aMCI enrolled in the 

cognitive intervention varied from 2227 to 9528, being 48.3 the mean of participants. The mean 

age of the participants in the experimental group was 71 ranged from 68.527 to 75.229 years old. 

The education years ranged from 10.131 to 17.433 years, with a 14.4 education years as mean. The 

most patients were female; 8.5 males and 11.8 females of average in the experimental group.  

3.2.1. Experimental Design of studies reviewed. 

The studies were randomized controlled trials and clinical trials, however their design were quite 

different. Three studies offered no follow-up (FU) evaluation and only performed post-

intervention28,29,33 analysis, two studies performed a FU at 4 weeks27 or 6 months30 after the 

intervention and two studies evaluated two FU at 8 weeks-6 months32 and 12 weeks-24 weeks31. 

Only one study had higher than annual FU sessions31. All studies evaluated both within 

(experimental group) and between group findings.  

3.3. Cognitive intervention characteristics.  

The cognitive intervention is normally lead by a qualified professional, being a 

neuropsychologist, occupational therapist or psychologist. However, only one study specified that 

they have been specifically trained30. Intervention characteristics varied widely (Table 2). Studies 

were grouped according to the type of intervention assessed: cognitive training (CT) and cognitive 

rehabilitation (CR). The number of aMCI older adults in the experimental groups was between 

933 and 3228, being 18.8 participants of mean. The duration of interventions also varied greatly 

between studies, ranged from 533 to 4830 sessions and from 3031 to 9028 min/session. The type of 

intervention in the cognitive training was focused on: 1) Memory training that included: to re-

learn face–name associations (first and last names)27; error exclusion learning, categorization, 
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three-phasic method, face recognition, imagery, exercise, and interactive methods31; completion 

time, digit span, learning ability30; errorless learning (EL) and spaced-retrieval (SR)27. 2) Frontal 

training that included: behavior modification, ordering, abstract thinking training, and goal-

directed training. 3) Attention training as attention processing, sudoku, color-diagram finding, 

shape diagram finding and word finding. 4) Visuospatial function training including direction 

training and localization training. 5) Language training: word naming test, country naming test, 

memory, writing, speaking events31; tasks ecologically valid derived from activities of daily living 

(ADLs), focused in the training and enhancement of semantic expression of language, semantic 

comprehension of language and phonemic expression of language30. 6) Orientation trainings that 

included: real sense training and drawing a clock and calculation training (calculation of price 

and pin money)31. The cognitive computerized training was focused on playing virtual reality 

cognitive training games (some simple memory exercises inside an ecologically valid 3D 

environment)28 and play Game Show on an iPad29. The type of intervention in the cognitive 

rehabilitation was focused on: mnemonic strategy training33 and memory compensatory strategy 

external memory aids such as calendars32. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Study 

(Autor, 

year) 

Subtype 

aMCI 

 

N Mean 

Age 

year (SD)  

Educatio

n years 

(SD) 

Gende

r male 

/female  

Mean 

MMSE 

baselin

e 

Setting 

study 

Intervention 

group 

(Frequency) 

Control group Blindness Lead by Follow-

up 

Jean et al. 
201027 

s/md 
 

N: 22 
IG: 11 

CG: 11 

 
68.5 (9.2) 

68.5 (5.9) 

 
14.4 (3.2) 

14.5 (4.2) 

 
4/7 

5/6 

29.5  
NS 

CT (Errorless and Spaced 

retrieval: memory training) 

+ 

Pychoeducational content 

45-min session 

Twice a week 

6 sessions 

Active 

CT (Errorful) + 

Pychoeducational 

content 

45-min session 

Twice a week 

6 sessions 

Single 
(Research 

assistant) 

NS 4 weeks 

Greenaway 
et al. 201232 

s 
 

N: 40 
IG: 20 

CG: 
20 

 
72.7 (6,9) 

72.3 (7.9) 

 
16.4 (2.8) 

16.4 (2.8) 
 

 
8/12 

7/13 

26.8 Medical 
center 

CR (Notebook/calendar: 

memory support system 

training) 

60-min session 

Twice a week 

6 weeks 
12 sessions 

Passive NS Licensed 
occupational 

therapist 
specializing and a 

Master's level 

psychologist 

6 months 
 

Hampstead 

et al. 201233 

 

md 

 

N: 18 

MS:9 

XP:9 

 

71.7 

(10,2) 
70.8 (7.2) 

 

17.4 (1.8) 

16.8 (2.4) 

 

NS 

NS 

26.7 Medical 

center 
CR (memory training) 

2 weeks 

5 sessions  

Passive Single NS No  

Tarnanas et 

al. 201428 

s 

 

N: 95 

IG: 32 

AC/G: 

39 

CG: 
34 

 

70.5 (4.3) 

69.7 (4.5) 

70.9 (4.4) 

 

NS 

NS 

NS 

 

12/20 

16/23 

13/21 

26.4 Day Clinic CCT 

(Virtual reality museum: 

memory training) 

90-min session 

Twice a week 
5 months 

40 sessions 

Active 

CT (learning,based 

memory training) 

90-min session 

Twice a week 
5 months 

40 sessions/ 

Passive 

Double Psychologists No  

Savulich et 
al. 201729 

NS N: 42 
IG: 21 

CG: 

21 

 
75.2 (7.4) 

76.9 (8.3) 

 
15.9 (1.3) 

16.0 (2.1) 

 
11/10 

14/7 

26.7 Hospital CCT 

(Memory game for use on 

an iPad: memory training) 

60-min session 
Twice a week 

4 weeks 

8 sessions 
 

 
 

 

 
 

Passive NS Cognitive 
experimental 

psychologist and 

professional game 
developer 

No  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
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16 
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19 
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Study 

(Autor, 

year) 

Subtype 

aMCI 

 

N Mean 

Age 

year (SD)  

Educatio

n years 

(SD) 

Gende

r male 

/female  

Mean 

MMSE 

baselin

e 

Setting 

study 

Intervention 

group 

(Frequency) 

Control group Blindness Lead by Follow-

up 

Poptsi et 
al. 201930 

md 
 

N: 71  
PC/G:14 

PP/G:18 

OR/G:10 
AC/G:15 

CG: 14 

 
67.9 (9.8) 

70.1 (5.5) 

71.8 (3.9) 
65.7 (6.6) 

68.1 (6.9) 

 
12.1 (3.2) 

11.2 (3.2) 

9.7 (5.8) 
11.1 (4.5) 

10.4 (4.8) 

 
5/9 

4/14 

5/15 
4/11 

4/10 

27.2 Day Care 
Centre  

 

CT (language training 

program)  
60-min session 

Twice a week 
6 months  

48 sessions 

Active 

The same tasks of 

intervention orally 

 

Passive 

Single 
(assessor) 

Expert 
psychologists 

trained in 

cognitive 
interventions 

6 months 

Park et al. 

201931 

NS 

 

N: 50 

HCI: 25 
CG: 25 

 

 

70.7 (7.5) 
69.7 (8.4) 

 

10.1 (3.3) 
10.0 (3.5) 

 

 

12/13 
10/15 

26.1 Hospital CT (memory training and 

language training) 

30-min session 

12 weeks 

12 sessions 

Passive 

 

 

NS NS 24 weeks 

 

aMCI: amnestic mild cognitive impairment. s: single domain. md: multiple domain. IG: Intervention Group. CG: Control Group. MS: Mnemonic Strategy Training. XP: Matched-Exposure Control Group. AC/G: 

Active control group. PC/G: Computer-based program of language tasks intervention group. PP/G: Paper and pencil intervention group. OR/G: Oral intervention group. HCI: Home based cognitive intervention group. 

CT: Cognitive Training. CR: Cognitive rehabilitation. CCCT: Computer based cognitive training. NS: Not specified. FU: Follow-up. 

 

Table 2. Characteristics of participants, format and content of cognitive interventions programs in aMCI. 
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3.4. Control group type. 

There are many differences on control groups included in the studies: 42.9% of the studies 

included an active control group which involved participants in different activities to the 

intervention group, or participants performed the same tasks of intervention but orally and 57.1% 

of the studies included only a passive control group. Only one of the studies combined analysis 

of healthy participants with aMCI, including on the experimental subgroups and control group 

3.5. Measured outcomes. 

The main outcome of this review was to assess the global cognitive function by MMSE. The 

MMSE is a universal cognitive screening test, commonly used in both clinical and research 

settings34. This tool is composed by 20 short individual tests covering 11 domains as orientation, 

attention or calculation, with a maximun of 30 points35. The sensitivity of MMSE is 0.58 and 

specificity 0.82. Based on optimal cut-off values, scoring lower than 28 would suggest MCI36.  

Specific cognitive domains were also evaluated by different instruments. All studies evaluated 

the memory on individuals with aMCI (verbal, episodic, visuospatial, semantic and subjective 

memory); 71.4% of selected studies also analysed other cognitive domains as language 

(repetition, semantic and phonemic comprehension)30-33, visuospatial (abilities, skills)28,29,32,33, 

attention28,31-33, constructional abilities32,33, executive function28,31,33, praxis28 or motor speed29. All 

studies included neurocognitive outcome measures to assess the effect of cognitive intervention 

on domain-specific cognitive measures. However, it should be noted that there is considerable 

overlap between the cognitive functions assessed by each test, some outcome measures tapping 

into multiple cognitive domains; as such, memory, attention, language, visuospatial abilities, 

visuospatial skills, praxis, attention and executive function.  

3.6. Effect of cognitive interventions on aMCI 

3.6.1. Mini-Mental State Examination 

The Mini-Mental State Examination or MMSE was the main tool to assess general cognitive 

screening. Table 3 describes the baseline, post-intervention and follow-up data of MMSE in the 
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intervention and control group (active and passive) and reflecting the significant positive effects 

observed in the experimental group, between groups and by time interactions. At baseline, the 

average of MMSE ranged from 26.0531 to 29.527 points. The studies based on computerized CT 

of Tarnanas et al.28 and Savulich et al.29 showed significant improvements between experimental 

group and control group in the global cognition measured with MMSE and also the study of 

Savulich et al.29 in group by time interactions analysis. This is particularly remarkable since the 

duration total of the intervention in both programs was quite different 8 – 40 sessions and 60 -90 

min/session respectively. There is no evidence that the higher educational level groups obtained 

more significant improvements. However, mean education years (data only provided in one of the 

two studies) would need to take into account, as several authors comment the influence of 

educational level on the performance of MMSE37,38. The rest of the studies analyzed showed no 

statistically significant differences in global cognition measured by MMSE. 

3.6.2. Other global cognitive instruments 

Other tools have also been used to assess general cognitive screening as Dementia Rating Scale 

2nd Edition (DRS-2)27,32 or the Alzheimer’s Disease Assessment Scale–Cognitive Subscale 

(ADAS-Cog Scale)31 (Table 4). Although some studies showed significant improvements in 

MMSE scores, neither showed significant differences on these instruments after the intervention 

or at follow-up. 
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 Baseline Post-intervention Follow-up  
Study 

(Autor, year) 

Experimental 

group 

 

Active 

Control 

group 

Passive 

Control 

group 

Experimental 

group 

 

Active 

Control 

group 

Passive  

Control 

group 

Experimental 

Group 

 

Active 

Control 

group 

Passive 

Control 

group 

Jean et al. 201027 29.45 (0.82) 29.55 (0.52) n/a 29.36 (1.29) 29.33 (0.87) n/a 28.82 (1.47) 29.44 (0.73) n/a 

Greenaway et al. 201232 26.40 (2.20) n/a 27.2 (2.40) 26.00 (2.90) n/a 27.30 (2.20) 26.10 (2.20) n/a 27.30 (1.80) 

Hampstead et al. 201233 26.90 (1.80) 26.10 (2.10) 27.7 (2.20) ND ND ND ND ND ND 

Tarnanas et al. 201428 26.80 (3.60) 26.20 (3.60) 26.2 (3.10) 28.20 (2.50) a,b 27.0 (2.60) a,b 24.60 (4.60) a,b n/a n/a n/a 

Savulich et al. 201729 26.60 (2.90) n/a 26.80 (2.20) 27.4 (1.50) b,* n/a 26.10 (2.40) b,* n/a n/a n/a 

Poptsi et al. 201930 28,07 (1.63)1 

27.89 (1.28)2 

26.90 (2.47)3 

27.20 (1.93) 26.07(3.05) 28.92 (1.32)1 

28.33 (1.37)2 

26.70 (2.54)3 

27.40 (1.99) 

 

26.92 (2.73) 

 

n/a n/a n/a 

Park et al. 201931 25.90 (2.70) n/a 26.20 (2.60) 26.00 (2.40) n/a 25.00 (1.90) 26.20 (2.4) n/a 26.10 (3.10) 

 

1: PC/G: Computer-based program of language tasks intervention group.  2: PP/G: Paper and pencil intervention group. 3: OR/G: Oral intervention group. 

 n/a: not applicable. ND: data not available 
a Significant positive effect in the experimental group 
b Significant positive effect between groups 
* Significant group by time interactions 
 

Table 3. Summary of Mini-Mental State Examination (MMSE) scores in the selected studies 
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3.6.3 Specific domain- cognitive function  

Table 4 describes the post-intervention and follow-up data of cognitive measures used. All studies 

based in CT27-30 showed significant improvements in memory (verbal memory, verbal episodic 

memory, episodic memory,) after intervention27-31 and in some of them, the benefits even remain 

at follow-up27,31; these effects were observed in the experimental group27-30, between groups27-29,31 

and by time interactions27,29. Savulich et al.29 demonstrated benefits in the experimental group, 

between group and group by time in episodic memory by the Cambridge Neuropsychological Test 

Automated Battery Paired (CANTAB PAL) and between group and group by time in visuospatial 

memory on the Brief Visuospatial Memory Test-Revised (BVMT-R) after training. Moreover, 

Tarnanas et al.28 showed positives changes in verbal memory by Rey Auditory Verbal Learning 

Test (RAVLT) Delayed Recall in the experimental group and between group post-intervention and 

Poptsi et al.30 too found gains on the RAVLT in the experimental group after intervention.  Jean et 

al.27 showed subjective memory enhancement from baseline to training end and at 4-weeks FU 

measured by Multifactorial Memory Questionnaire (MMQ) Contentment and Strategy in the 

experimental group and group by time. In another CT study, Park et al.31 found significant 

improvements between groups, both post-intervention and at FU in a questionnaire (COWAT) 

that assesses memory, attention and executive functions. There was not significant differences in 

the verbal episodic memory after the intervention nor at FU on California Verbal Learning Test 

2nd Edition (CVLT-II) or subjective memory in MMQ Ability in the study of Jean et al.27. In 

Tarnanas et al28, with an intervention based in a computerized CT, the authors did not found 

differences in the verbal memory by RAVLT Immediate Recall, Recognition and Copy. When 

memory is associated with other cognitive domains, as in the case of the study of Greenaway et 

al.32  the experimental group and group by time showed significant changes on the Everyday 

Cognition (Ecog) memory scales in memory, language, visuospatial abilities and attention post-

intervention and at FU analysis. However, in the CT program of Park et al.31 did not observed 

significant changes after the intervention or at FU in memory, attention or executive function 

measured by Digit Span Memory Test, Story Memory, Digit-symbol, Color word strop and 
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COWAT. Similarly, the CR program of Hampstead et al.33 did not show benefits in memory, 

language, attention or visuospatial/constructional with the Repeatable Battery for the Assessment 

of Neuropsychological Status (RBANS). 

The language were also assessed by two studies28,30 based on CT programs. Statistically 

significant differences were observed in both studies. In the study of Poptsi et al.30 language 

showed significant differences between groups and in experimental group analysis by Verbal 

Fluency Test (FAS), Boston Diagnostic Aphasia Examination (BDAE)1 and BDAE2 after 

intervention. On the other hand, in the computerized program of Tarnanas et al.28 language was 

associated with semantic memory, and also significant changes were observed by Boston Naming 

Test (BNT) in the experimental group post-intervention. 
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   Post-intervention Follow-up 

Study 

(Autor,year) 

Outcome Measures  Outcome Cognitive Domain (s) Experimental 

group 

Between group 

findings 

Experimental 

group 

Between group  

findings 

Jean et al. 

201027 

MMSE 

CVLT-II 

DRS-2 

MMQ 

- Contentment 

-  Ability 

- Strategy 

RBMT 

Global Cognitive Function 

Verbal Episodic Memory 

Global Cognitive Function  

Subjective memory   

 

 

 

Verbal Episodic Memory 

↔ 

n/a 

n/a 

 

↑ 

↔ 

↑ 

↔ 

↔ 

↔ 

↔ 

 

↔* 

↔ 

↔* 

↔ 

↔ 

n/a 

n/a 

 

↑ 

↔ 

↑ 

↔ 

↔ 

↔ 

↔ 

 

↔* 

↔ 

↔* 

↔ 

Greenaway et 

al. 201232 

MMSE 

ECog memory scales 

 

DRS-2 

Global Cognitive Function 

Memory, Language, Visuospatial Abilities, and 

Attention 

Global Cognitive Function 

↔ 

↑ 

 

↔ 

↔ 

↔* 

 

↔ 

↔1/↔2 

↑1/↑2 

 

↔1/↔2 

↔1/↔2 

↔1*/↔2 

 

↔1/↔2 

Hampstead et 

al. 201233 

MMSE 

RBANS 

 

TMT 

- Trails A 

- Trails B 

Global Cognitive Function 

Memory, Visuospatial/Constructional, Language 

and Attention  

Attention and Executive Function 

n/a 

n/a 

 

 

n/a 

n/a 

↔ 

↔ 

 

 

↔ 

↔ 

n/a 

n/a 

 

 

n/a 

n/a 

n/a 

n/a 

 

 

n/a 

n/a 

Tarnanas et al. 

201428 

MMSE 

RAVLT 

- Immediate Recall 

- Delayed Recall 

- Recognition 

- Copy 

BNT  

ROCF 

- Copy  

- Immediate Recall 

- Delayed Recall 

- Recognition 

Symbol Digit Modalities Test 

TMT: Trails B 

Stroop interference Test 

Letter Fluency 

Global Cognitive Function 

Verbal Memory  

 

 

 

 

Language and Semantic Memory 

Praxis and Visuospatial Abilities 

 

 

 

 

Attention and Executive Function 

Attention and Executive Function 

Attention and Executive Function 

Attention and Executive Function  

↑ 

 

↔ 

↑ 

↔ 

↔ 

↑ 

 

↔ 

↑ 

↔ 

↔ 

↔ 

↑ 

↔ 

↔ 

↑ 

 

↔ 

↑ 

↔ 

↔ 

↔ 

 

↔ 

↑ 

↔ 

↔ 

↔ 

↑ 

↔ 

↔ 

n/a 

 

n/a 

n/a 

n/a 

n/a 

n/a 

 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

 

n/a 

n/a 

n/a 

n/a 

n/a 

 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 
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   Post-intervention Follow-up 

Study 

(Autor,year) 

Outcome Measures  Outcome Cognitive Domain (s) Experimental 

group 

Between group 

findings 

Experimental 

group 

Between group  

findings 

 
Savulich et al. 

201729 

MMSE 

CANTAB PAL 

BVMT-R 

Global Cognitive Function 

Episodic Memory  

Visuospatial Memory 

↔ 

↑ 

↔ 

↑* 

↑* 

↑* 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

Poptsi et al. 

201930 

MMSE 

RAVLT  

RBMT 

FAS 

BDAE 1- Repetition 

BDAE 2- Phonemic Correlation 

PPT  

Global Cognitive Function 

Verbal Memory 

Verbal Episodic Memory 

Verbal Fluency (semantic and phonemic) 

Language, repetition 

Language, phonemic comprehension 

Executive function 

↔ 

↑ 

↑ 

↑ 

↑ 

↑ 

 

↑ 

↔ 

↔ 

↔ 

↑ 

↔ 

↔ 

 

↔ 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

 

n/a 

Park et al. 

201931 

MMSE 

ADAS-Cog Scale 

Digit Span Memory Test 

- Forward 

- Backward 

- Total score 

Story Memory 

- Recall 

- Delayed Recall 

- Recognition 

- Total score 

COWAT 

- Category 

- Letter score 

- Total score 

Color-word strop 

Digit-symbol test 

Global Cognitive Function 

Global Cognitive Function 

Memory, attention and executive function  

 

 

 

Memory, attention and executive function  

 

 

 

 

Memory, attention and executive function  

 

 

 

Memory, attention and executive function 

Memory, attention and executive function 

n/a 

n/a 

n/a 

 

 

 

n/a 

 

 

 

 

n/a 

 

 

 

n/a 

n/a 

↔ 

↔ 

 

↔ 

↔ 

↔ 

 

↔ 

↔ 

↔ 

↔ 

 

↔ 

↔ 

↑ 

↔ 

↔ 

n/a 

n/a 

n/a 

 

 

 

n/a 

 

 

 

n/a 

 

 

 

 

n/a 

n/a 

↔ 

↔ 

 

↔ 

↔ 

↔ 

 

↔ 

↔ 

↔ 

↔ 

 

↔ 

↔ 

↑ 

↔ 

↔ 

MMSE: Mini mental state examination. CVLT-II: California Verbal Learning Test 2nd Edition. DRS-2: Dementia Rating Scale 2nd Edition MMQ: Multifactorial Memory Questionnaire. RBMT: Rivermead Behavioral Memory Test. RBANS: The 

Repeatable Battery for the Assessment of Neuropsychological Status. TMT: Trail Making Test. ECog: Everyday Cognition. CANTAB PAL: The Cambridge Neuropsychological Test Automated Battery Paired. BVMT-R: The Brief Visuospatial 

Memory Test-Revised.  CANTAB CRT: CANTAB Choice Reaction Time. RAVLT: Rey Auditory Verbal Learning Test. BNT: Boston Naming Test. ROCF: Rey Complex Figure Copy.  COWAT: Controlled oral word association test. FAS: Verbal 

Fluency test. FAS: Verbal Fluency test. BDAE: Boston Diagnostic Aphasia Examination. PPT: Pyramids and Palm Trees. 1: 8 weeks. 2: 6 months. 

↑: significant positive effect. ↔: no change.  n/a: not applicable. *: Significant group by time interactions. 

Table 4. Cognitive intervention programs in aMCI: Measures and results of cognitive function.
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The executive function was analyzed in four studies28,30,31,33 based on CT programs; one study30 

without associating to other cognitive domains and two studies28,33 associated with attention and 

one31 study associated with attention and memory. The study of Poptsi et al.30 evaluated the 

executive functions by Pyramid and Palm Trees (PPT), finding statistically significant differences 

in the experimental group after intervention. In the computerized program of Tarnanas et al.28 it 

evaluated executive function and attention, and significant differences were observed by TMT 

Trails B. However, improvements were not observed in attention and executive functions in the 

study of Park et al.31 by TMT (Trails A and B). 

Other cognitive domains as praxis or visuospatial abilities were evaluated in the computerized CT 

program of Tarnanas et al.28 showing significant changes by Rey Complex Figure Copy (ROCF) 

immediate recall in the experimental group and between groups post-training. 
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4. DISCUSSION 

The aim of this systematic review was to evaluate the efficacy of cognitive intervention programs 

in older adults with aMCI. We have analyzed seven studies and six of them evidenced positive 

effects in cognition. In particular, computerized cognitive training programs yield significant 

improvements on global cognitive function measured by MMSE in participants with aMCI. In 

agreement, some randomized controlled trials based in multicomponent cognitive interventions 

programs also found benefits in MMSE scores. Tsolaki et al.12 described significant differences 

carrying out an intervention for 5 months (60 sessions with 90 min per session) in younger 

participants and also Foster et al.39 showed benefits on global cognition after a 6-months program 

(120 minutes each session). In contrast, in Jeong et al.40, based on multicomponent intervention, 

observed no differences in MMSE in younger aMCI participants. However, participants in our 

study and also in Tsolaki et al.12 and Foster et al.39, had higher MMSE scores at baseline than 

participants in Jeong et al.40 (27.1 versus 25.7). This point could suggest that cognitive 

interventions may be beneficial only in a group of participants with a certain cognitive level. 

Memory decline could be detected prior to the dementia stage of AD, therefore it is important to 

analyze memory-binding deficiencies41. In this systematic review, we have observed that 

cognitive interventions show improvements in episodic, verbal, visuospatial, semantic and 

visuospatial memory, which could be promising for slowing cognitive impairment in people with 

aMCI. All studies based in CT programs27-31 included in this review showed significant 

improvements in memory in the experimental group27-30, between groups27-29,31 and by time 

interactions27,29 measured by MMQ, RAVLT, CANTAB PAL, BVMT-R, RBVMT, COWAT. In 

agreement, other studies based on CT also showed significant improvements in prospective and 

episodic memory.42, working memory11,43-45, long term memory11; or subjective memory42,45. 

Moreover, several studies based on computerized CR programs also obtained significant changes 

in short and long memory and in visual and verbal episodic memory46,47. Similarly, studies based 

on CE showed positive effects on memory abilities, especially on short-term and working memory 

as demonstrated by Moro et al.48 or Wenish et al.49. The study of Unverzagt et al.50 based on a 
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computer visual attention intervention failed to benefited memory training but showed gains after 

reasoning and speed training. 

Poptsi et al.30, through a traditional cognitive intervention and Tarnanas et al.28, based on 

computerized intervention, evidenced significant changes in language. Supporting that, several 

studies also showed benefits in language domain as Rozenfeld Olchik et al.51 in a program based 

on memory training and Cipriani et al.48 based on a computer CR program. Moreover, Poptsi et 

al.30 and Tarnanas et al.28 also evaluated executive function demonstrating positive effects 

measured by PPT and TMT: Trails B. Similarly, the study of Moro et al.48 proved the efficacy of 

a CE program on the executive functions in patients with aMCI, suggesting that an improvement 

in those functions benefit memory at least at a 6 month FU. Other cognitive domains such as 

attention, praxis, or visuospatial abilities were also analyzed. The computerized CT program of 

Tarnanas et al.28 showed significant differences in those cognitive domains measured by RCOF-

Immediate recall after intervention. However, the study of Talassi et al.47, with a CR program, 

found no differences in participants with MCI.  

Although the presented studies have evidenced a significant improvement either in global 

cognitive function and cognitive domains, we should highlight some limitations that can affect 

our conclusions: 1) Small sample size (18-22 participants). 2) Cognitive interventions are quite 

heterogeneous in terms of techniques, session duration and total intervention time. 3) Lack of 

specific training of some health-care professionals. 4) Wide variety of assessment tool and 

instruments. 5) Differences in follow-up assessments.  

Since aMCI is a degenerative condition in some patients, it is crucial to assess the longitudinal 

progression of clinical findings20. In light of the present findings, further recommendations to 

improve cognitive interventions in the aMCI population are suggested. It is need to perform 

randomized trials with large samples based on cognitive interventions programs which are 

designed and adapted to the cognitive level of the participants. The cognitive intervention 

programs should be carried out under supervision of trained and qualified professionals, using 

assessments for global cognition and cognitive domains, and evaluate at different times and at 
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long term. It would be interesting to specify the MCI subtypes included in the studies as well as 

analyze separately the results for each MCI subtype20. Educational levels and occupations of 

patients must be considered when analyzing the effects of cognitive interventions because both 

factors could have an impact on cognitive reserve52. Since 57.14% of the studies included in this 

review has an average educational level equal to or greater than 12 years, it is possible that the 

positive results are somehow related to this aspect. Therefore, studies in individuals with lower 

educational level also need to be performed to investigate this hypothesis.  
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5. CONCLUSIONS 

Our finding support that cognitive interventions seems to be an effective option for people with 

aMCI. Cognitive interventions programs led to improvements in the global cognitive function 

measured by MMSE after intervention and showed improvements in cognitive domains as 

memory, language, attention, executive function, visuospatial abilities or praxis. A critical 

comparison between studies is difficult due to the heterogeneity of the characteristics the 

cognitive intervention programs and assessment tools. Showing these promising results and with 

the lack of pharmacological treatments, it is essential to continue investigating the effects of the 

cognitive interventions, especially about cognitive rehabilitation and cognitive stimulation 

programs, in controlled randomized trials with large samples and with long-term follow-up.  
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