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Abstract
Background: Apolipoprotein E (APOE) ε4 allele is a major genetic risk factor for Alzheimer disease and mild cognitive
impairment (MCI). Computer-based training programs can improve cognitive performance in elderly populations. However, the
effects of computer-based interventions on MCI APOE ε4 carriers have never been studied before.
Objective: The effects of different web-based interventions and the APOE isoform-specific differences in training outcomes
are investigated.
Methods: Using a quasi-experimental study design, 202 participants with MCI aged 60 years and older took part in three
different intervention programs (physical and cognitive [Long-Lasting Memories, or LLM], cognitive [Active Control, or AC],
or physical intervention [Physical Training Control, or PTC]) via an innovative information and communication technologies
exergaming platform. Participants in each interventional group were subdivided into APOE ε4 carriers and non–APOE ε4 carriers.
All participants underwent an extensive neuropsychological evaluation before and after the training, blood tests, and brain imaging.
Results: All interventions resulted in multiple statistically significant cognitive benefits after the intervention. Verbal learning
(California Verbal Learning Test: immediate recall test score—LLM: P=.04; AC: P<.001), working memory (digit span forward
and backward test scores—AC: P=.03; PTC: P=.02 and P=.006, respectively), and long-term memory (California Verbal Learning
Test: delayed recall test score—LLM: P=.02; AC: P=.002; and PTC: P=.02) were improved. There was no statistically significant
difference among the intervention effects. APOE ε4 presence moderates intervention effects as the LLM intervention improved
only their task-switching processing speed (Trail Making Test, Part B: P=.03) and the PTC intervention improved only the working
memory (digit span backward: P=.03). No significant performance alteration was noted for the APOE ε4+ cognitive AC training
group.
Conclusions: None of the applied interventions could be identified as the optimal one; it is suggested, however, that combined
cognitive and physical training and physical training via exergaming may be more effective for the high-risk MCI ΑPOE ε4+
subgroup.
https://www.jmir.org/2020/5/e14617
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Introduction

to respond to new demands, resulting in mutual enhancement
[19].

Mild Cognitive Impairment

Recent advances in information and communication
technologies (ICTs) and health informatics offer new and
elderly-friendly training on web-based platforms [20]. These
platforms may also serve people with limited access to an
organized day care center, in their own home or an assisted
living/nursing home facility, occasionally from a distance with
remote
surveillance
by
specialized
personnel.
Technology-assisted solutions for elderly physical training
through gaming, termed exergaming, have been increasingly
investigated [21,22]. Validation of the effectiveness of these
approaches is currently a top research priority [23].

Mild cognitive impairment (MCI) can be defined as the
condition between normal aging and dementia [1]. By the time
older people meet the criteria for MCI, they have already
exhibited measurable cognitive decline, and most of them have
also accumulated the neuropathologic hallmarks of Alzheimer
disease [2]. Heterogeneous etiology can cause MCI. Due to this
heterogeneity, its progression is uncertain; patients may remain
stable for years, a few could improve, and others could progress
to dementia. Based on recent data, MCI presents a progression
rate of 38.7% over 12 to 60 months. However, the progression
rate across individual studies is quite variable, ranging from 6%
to 39% per year [3].
Even though MCI is regarded as a preclinical stage of Alzheimer
disease or other types of dementia, studies report neuronal loss
of about 36.5% already at that stage as well as synaptic
dysfunction [4]. MCI patients, however, seem to retain sufficient
neuroplasticity to benefit from nonpharmacological
interventions, which may, in turn, delay the progression to
dementia [5]. Since there is currently no other treatment of
dementia than the palliative one, research efforts are focused
on possible ways that could delay disease onset, such as diet,
cognitive, and physical training.

Nonpharmaceutical Interventions
The recent growing interest in investigating interventions
capable of ameliorating or delaying aging and neurodegenerative
effects has resulted in designing various projects for cognitive
or/and physical training of the elderly [6]. There is no consensus
about the best combination of training. However, findings
suggest that interventions targeting multiple domains may be
more effective and even provide a long-term benefit for
individuals at risk [7].
Cognitive training is based on the idea that the brain function
is modifiable even in old age [6]. It is claimed that cognitive
training may contribute to the delay or even prevention of
cognitive decline in older adults, although this claim remains
controversial [8]. Cognitive improvement after cognitive training
is generally associated with both compensatory and restorative
mechanisms [9-12].
Physical training seems to promote multiple gains in both
physical and cognitive states. Hippocampal neurogenesis [13],
decrease of β-amyloid deposition [14], oxidative stress reduction
[15], brain perfusion increase, and upregulation of neurotrophic
factors [16] are a few of the widely studied and reported effects.
These effects were presented as improved mood state, improved
cognitive function, reduced comorbidities, and decreased risk
of falls [17,18].
Combined physical and cognitive training may facilitate the
neuroplasticity potential and enhance an individual’s capacity
https://www.jmir.org/2020/5/e14617
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Apolipoprotein E
The ε4 allele of the apolipoprotein E (APOE) gene (APOE ε4)
is the major genetic risk factor for Alzheimer disease. APOE
ε4 carriers not only have a higher risk but also an earlier onset
of Alzheimer disease by 10 to 20 years [24] in a gene
dose-dependent manner. APOE ε4 (ε4/ε4) homozygotes
compared with persons homozygous for risk-neutral APOE ε3
(ε3/ε3) may have up to 15 times the increased the risk for
developing Alzheimer disease while APOE ε4 heterozygotes
(ε4/ε3 or ε4/ε2) only have a 4 times higher risk [25]. Numerous
studies have attempted to elucidate the underlying mechanism
for APOE ε4 influences on Alzheimer disease onset and
progression. It has been difficult to determine whether the APOE
ε4 represents a gain of toxic function, a loss of neuroprotective
function, or both [26]. It is noteworthy that APOE ε4 is
associated not only with Alzheimer disease but also with altered
brain metabolism and structure in young cognitively normal
adults [27].
The presence of APOE ε4 significantly influences the
progression of healthy elderly to MCI and Alzheimer disease,
and the progression risk peaks between ages 70 and 75 years
[28]. Studies are suggesting that the effect of the ε4 allele on
cognitive decline is stronger in this earlier clinical stage in
comparison with later and more severe stages [26]. Moreover,
the more sedentary the lifestyle of the elderly person is, the
higher the impact of APOE ε4 on cerebral amyloid deposition.
However, not all APOE ε4 carriers will develop Alzheimer
disease, thereby suggesting the interactive effects of APOE
genotype with other genetic or environmental factors [25].
Our long-term study aims to investigate the cognitive effects
of different computer-based interventions depending on the
APOE isoform. Also, the follow-up reevaluations at 6, 12, and
24 months intend to determine which training program, if any,
can postpone further cognitive decline and dementia onset. In
this paper, which describes the first part of the study, the
pre-post training evaluation of the interventional groups is
presented. We assessed and compared the efficacy of the
different web-based interventions and subsequently assessed
whether the APOE genotype may influence the outcome. It is
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expected that such a finding may be useful for the improvement
of the currently existing and future designs of web-based,
technology-assisted therapeutic interventions.

Methods
Study Design
We used a quasi-experimental study design [29] to explore the
efficacy of different interventions on participants with MCI.
Participants were allocated between 2009 and 2017 into three
different interventional groups. Based on previous efficacy
evidence of the Long-Lasting Memories (LLM) intervention,
an integrated ICT platform combining cognitive exercises with
physical activity [19,30], we did not use a passive group in the
pre-post assessment due to ethical considerations. Thirteen
participants, however, were evaluated in the same pre- and
postintervention period without participating in the intervention
for personal reasons. All other passive data were retrospectively
collected from the database records of the Greek Association
of Alzheimer’s Disease and Related Disorders, matched for
demographic data and initial diagnosis. This passive group was
used only for the long-term follow-up.
Randomization of the participants was not feasible mainly for
practical issues, time, and financial limitations of the study.
Allocation to groups was driven by nonsystematic practical and
logistic reasons (national holiday time, number of successfully
screened participants at a given time point, etc) but was not
influenced by participant choice, motivation, or compliance.
The type of intervention applied each time in each place
(spiritual center, open care center) was determined before the
initiation of the screening procedure, and it was an open call to
the elderly whether they were cognitively intact or not.
Interventions took place both in the east and west areas of
Thessaloniki, minimizing geographic socioeconomic differences
of participants. From all the participants who enrolled in the
LLM project, we analyzed those with an initial diagnosis of
MCI fulfilling the selection criteria.
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The training lasted about 8 to 12 weeks, and participants
completed at least 24 sessions of cognitive training and 16
sessions of physical training. Screening evaluations were
conducted 1 to 2 weeks before interventions, while posttest
evaluations occurred 1 to 2 weeks after the end of the training.
Neuropsychologists performing the pre- and postintervention
neuropsychological assessments were generally different from
those who administered the program.
Participant performance was assessed and compared among the
different interventional groups to investigate a potential
superiority of an intervention. Moreover, the performance of
each interventional group, in each test between the two time
points (pre-post), was assessed separately, investigating specific
cognitive domain improvement. A second analysis, based on
genotype, was performed subsequently. Each interventional
group was subdivided into APOE ε4 carriers and non–APOE
ε4 carriers. A comparison of each APOE subgroup among the
interventional groups was performed to assess potential
differences in efficacy in different genotypes. The performance
of each APOE subgroup in the two time points was assessed
separately within the interventional group as well.

Participants
A total of 215 MCI participants (intervention 202 [LLM 70;
Active Control, or AC 93; Physical Training Control, or PTC
39] and passive 13; single and multiple domains) were recruited
during a thorough screening procedure. The rest of the passive
group data (n=120) was collected retrospectively as described
in Study Design section (Figure 1). Males and females aged 60
years and older, fluent in Greek, were invited to participate. The
call was made in church spiritual centers, open care centers for
the elderly in east and west areas of Thessaloniki, and day care
centers of the Greek Association of Alzheimer’s Disease and
Related Disorders. Participants provided written informed
consent and were compensated for their participation in the
study. The study protocol was approved by the bioethics
committee of the School of Medicine of the Aristotle University
of Thessaloniki (protocol no 38/5.6.2013).
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Figure 1. Study flowchart with the number of the participants screened and allocated in each interventional group. MCI: mild cognitive impairment;
LLM: Long-Lasting Memories; APOE: apolipoprotein E.

Exclusion criteria included any severe physical illness, current
psychiatric or other neurological disorder (stroke, multiple
sclerosis, Parkinson's disease, epilepsy, traumatic brain injury,
etc), history of drug or alcohol abuse, and use of neuromodifying
drugs (other than cholinesterase inhibitor).
All participants reported normal or corrected-to-normal vision
and hearing. Before the training, all participants underwent an
extensive neuropsychological evaluation performed using
standardized Greek versions: Mini-Mental State Examination
(MMSE) [31,32], Montreal Cognitive Assessment (MoCA)
[33,34], and Trail Making Test, Part B (Trail B) [35,36] to
examine task-switching, processing speed, and visuospatial
ability; California Verbal Learning Test (CVLT) [37-39] and
Rey Auditory Verbal Learning Test (RAVLT) in order to
measure the ability of learning, long-term memory, and verbal
episodic memory [40,41]; digit span forward and backward
[42,43] to assess working memory; Instrumental Activities of
Daily Living scale (IADL) [44,45], Functional Rating Scale of
Symptoms of Dementia (FRSSD) [46], and Functional and
Cognitive Assessment Test (FUCAS) [47] to assess daily
functionality; Beck Depression Inventory (BDI) [48,49] and
Geriatric Depression Scale (GDS) [50,51] to measure
depression; and Beck Anxiety Inventory (BAI) [52,53] for
anxiety evaluation. Participants were also subjected to blood
tests and brain magnetic resonance imaging. A neurologist
evaluated the neuropsychological, medical, and laboratory
results. Τhe Cumulative Illness Rating Scale-Geriatric (CIRS)
was calculated based on their medical history to assess
participant comorbidity [54]. Diagnosis and categorization were
based on clinical criteria [1,55] and were made by a dementia
expert neurologist (MT). A detailed description of the procedure
is described by Bamidis et al [19].
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Interventions
The first group attended the combined cognitive and physical
training via the LLM project, using an integrated web service
system through a universal interface, facilitated by touch screen
systems [23,56]. Cognitive training was performed using a
Greek-adapted version of the Brain Fitness software (later
branded as BrainHQ, Posit Science Corporation) [57], and all
physical exercises were implemented in the FitForAll (FFA)
platform, an innovative ICT exergaming platform designed by
Aristotle University of Thessaloniki [23]. FFA has four levels
of difficulty and combines aerobic exercise; exercises of
endurance, strength, and balance; and a cooling down process
to recover normal cardiac rhythm.
The second group was the AC group, which was exposed to a
homemade computerized cognitive training software suite
(Video GRade, Lab of Medical Physics at the Aristotle
University of Thessaloniki [58]), encompassing short
documentary videos with themes from nature, art, history, and
culture. At the end of each video, participants digitally
performed a multiple-choice questionnaire about the
documentary, following the same training dosage as the first
group. The third group was the PTC group, which was exposed
to computerized physical training using the FFA platform for
the same number of sessions as the others. The fourth group
was the passive control group, which did not follow any training
program.

Apolipoprotein E Genotyping
Blood samples used for genotyping were collected in
EDTA-containing receptacles. DNA was extracted from
peripheral blood using the QIAamp Blood DNA purification
kit (Qiagen Inc). To determine the APOE genotype, part of the
APOE gene (228 bp) containing both polymorphic sites (amino
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acid positions 112 and 158) was amplified by polymerase chain
reaction analysis using the following primers: forward:
5″-GGCACGGCTGTCCAAGGAGCTGCA-3″ and reverse:
5″-GCCCCGGCCTGGTACACTGCCAG-3″, according to the
method described by Koutroumani et al [59].

Statistical Analysis
Multiple Imputation
In clinical and epidemiological research, the problem of missing
data is almost unavoidable. In our study, missing data were
handled using multiple imputation [60] tackling the missing
data problem from three aspects: (a) the missing data proportion,
(b) the mechanisms of incomplete data, and (c) the missing data
patterns as suggested by Dong and Peng [61]. The missing data
proportion was calculated, and missing data mechanisms were
assessed using the Little multivariate test [62] and performing
t tests of mean differences between the complete and missing
data groups following the guidelines illustrated with a sample
dataset from IBM SPSS Missing Values 20 [63]. The missing
data pattern was explored using the command Analyze Patterns,
which provides descriptive measures of the missing data patterns
and could be useful as an exploratory step (see Multimedia
Appendix 1 for methodology details). The analysis was
performed using SPSS Statistics version 23 (IBM Corporation).
In our model, demographic data along with the scores of
different neuropsychological tools and questionnaires were
included following the guidelines incorporated in Dong and
Peng [61]. Twenty imputations were chosen to remove noise
from estimations, such as reducing sampling variability from
the imputation procedure [64]. Following the completion of the
multiple imputation, the 20 complete datasets were handled by
standard statistical procedures after splitting the imputed dataset
based on the imputation number. As many procedures in SPSS
Statistics do not support pooling, we decided to report mainly
pooled mean ranks that are naïve pooled. Even though we lose
some of the descriptive power we could get from medians, we
still gain valuable information about our groups in terms of our
dependent variables. Moreover, we calculated the averaged
median across the 20 complete datasets, as suggested by van
Ginkel and Kroonenberg [65].

Demographics
During the baseline neuropsychological evaluation, a battery
of tests was administered to participants including various
neuropsychological tests and questionnaires assessing different
cognitive aspects, performance in daily life activities, and the
affective state of the participants. The scores collected by the
tests and questionnaires used were tested for the normality
assumption similarly to demographic data. As scores were not
approximately normally distributed in all imputations,
nonparametric analysis (Kruskal-Wallis test) was employed to
explore differences between groups. When differences among
groups reached statistical significance (P<.05), the
Mann-Whitney U test was performed pairwise. Alpha inflation
due to multiple comparisons was prevented using a Bonferroni
correction.

Tsolaki et al
scores on neuropsychological tests and questionnaires were also
compared between APOE ε4 carriers versus non–APOE ε4
carriers. The normality assumption of test scores was explored,
performing the described methodology between the two groups.
As normality assumption was not met for both groups, a
nonparametric analysis was performed (Mann-Whitney U test).

Neuropsychological Evaluation
Among-Group Analysis
Neuropsychological evaluations were administrated to the
intervention groups (LLM, AC, and PTC) before and after the
training completion. Scores of neuropsychological tests and
questionnaires were analyzed using the group (LLM, AC, and
PTC) as between factor and the time (pre- and posttraining) as
within factor. The assumptions of mixed-model analysis of
variance were not met in each cell of the design. Thus, an
alternative analysis was followed using nonparametric
procedures. Differences in scores at the two time points were
computed for each test and questionnaire and then tested for
normality. The Kruskal-Wallis H test was performed in
differences (post-pre) of scores between groups. When
differences among groups reached statistical significance
(P<.05), the Mann-Whitney U test was performed pairwise. In
this case, P values were corrected for multiple comparisons
using a Bonferroni correction.
Within-Group Analysis
After grouping our dataset by the imputation number and group,
Wilcoxon signed-rank tests were run to investigate possible
differences of each group at different time points (pre- and
posttraining) in M (M=20) complete datasets. Additionally, we
examined a small sample of the passive group (n=13) regarding
their performance in several tests such as the MMSE, MoCA,
CVLT total, Trail B, IADL, and GDS at the two time points.
Depending on normality assumption, different analyses were
performed: either paired t test or Wilcoxon signed-rank test.
Among-Group Analysis Based on Genotype
Data were split not only by imputation number but also by
genotype (carriers, non-ε4 carriers). Differences in scores at the
two time points were computed for each test and questionnaire
and then tested for normality. As normality assumption was not
fulfilled for all imputations and groups, respectively,
nonparametric analysis for between-group comparison was
determined. Kruskal-Wallis H tests were run for the post-pre
differences in scores having as grouping variable the group
(LLM, AC, PTC). Results were split depending on the genotype.
Significant differences among groups were explored running
post hoc tests (pairwise comparisons using Mann Whitney U
tests) and correcting for multiple comparisons.
Within-Group Analysis Based on Genotype
Data were split by imputation number, genotype (APOE ε4
carriers, non-ε4 carriers), and group. As violations of normality
were observed, nonparametric analysis for within-comparison
(pre, post) was performed.

Performance of participants was further discriminated depending
on the presence of the APOE ε4 genotype. More precisely,
https://www.jmir.org/2020/5/e14617
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Results
Demographics
A total of 335 participants in total were allocated to one of the
four different groups (LLM, AC, PTC, passive). The baseline
comparisons revealed significant differences between the four

groups regarding demographics and cognitive performance.
Therefore, a smaller sample of 244 subjects without differences
in baseline evaluation scores was used for the pre-post
comparison to evaluate the potential effect of the intervention
without major confounding factors. Between and within-group
comparisons at the first analysis stage were performed in LLM,
AC, and PTC participants (see Table 1).

Table 1. Demographic characteristics of participants included in the study.
Groups

Analyzed n=244

LLMa n=70

63

ACb n=93

61

PTCc n=39

31

Passive n=133 Test results
P value

6.8

.08

5.7

.13

7.5

.06

6.4

.11

89

Age in years
Median

69

69

67

68

IQR

7

9

8

14

Q1, Q3

66.0, 73.0

65.0, 74.0

63.0, 71.0

60.0, 74.0

Gender, n
Male

51

46

28

63

Female

12

15

3

26

Education in years
Median

6

8

6

8

IQR

7

6

1

6

Q1, Q3

6.0, 13.0

6.0, 12.0

6.0, 7.0

6.0, 12.0

121.39

105.11

129.53

132.76

APOE ε4 carriers

15 (21.4)

13 (14.0)

9 (23.1)

30 (22.6)

Non-APOE ε4 carriers

53 (75.7)

77 (82.8)

30 (76.9)

101 (75.9)

APOE ε4 carriers

13 (20.6)

9 (14.8)

7 (22.6)

14 (15.7)

Non-APOE ε4 carriers

48 (76.2)

51 (83.6)

24 (77.4)

74 (83.1)

Comorbidity index (CIRSd), pooled mean ranks

χ23

APOEe ε4/- (frequency % in total sample of 335 participants)

APOE ε4/- (frequency % in total sample of 244 participants)

a

LLM: Long-Lasting Memories.

b

AC: Active Control.

c

PTC: Physical Training Control.

d

CIRS: Cumulative Illness Rating Scale–Geriatric.

e

APOE: apolipoprotein E.

Discriminating the participants with regard to the presence of
APOE ε4 genotype, we found that there were 43 APOE ε4
carriers, 197 non–APOE ε4 carriers, and in 4 cases there were
missing data. Planned analysis of available data showed that
the two groups did not differ in age (U=4022.00, P=.60),
education years (U=4041.50, P=.62), and CIRS scores
(U=3267.00, P=.69). Additionally, the two independent binomial
proportions regarding the proportion of gender across groups
were statistically significantly different (χ21=3.9, P=.048; see
Table 1).
In more detail, participants who were APOE ε4 carriers were
barely older (age [pooled mean ranks] APOE ε4 carriers: 125.47;
non–APOE ε4 carriers: 119.42) and more educated than
https://www.jmir.org/2020/5/e14617
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noncarriers (education years [pooled mean ranks] APOE ε4
carriers: 125.01; non–APOE ε4 carriers: 119.52). Moreover,
they had elevated CIRS scores relative to noncarriers (CIRS
[pooled mean ranks] APOE ε4 carriers: 123.83; non–APOE ε4
carriers: 119.77).

Neuropsychological Evaluation
Among-Group Analysis
Nonsignificant changes have been observed between groups in
most of the neuropsychological tests comparing the scores’
differences at the two time points. Significant differences have
been found only in the post-pre comparisons on the MMSE and
GDS tests (Table 2). Based on the post hoc analysis, the LLM
J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 6
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group seems to have a significantly lower performance on
MMSE compared with AC participants and considerably more

depressive symptoms relative to the PTC group.

Table 2. Presentation of among-group comparison results along with descriptive measures (pooled mean ranks of post-pre scores) for each group
(Long-Lasting Memories, Active Control, and Physical Training Control).
LLMa

ACb

PTCc

Test results

Pooled mean ranks

Pooled mean ranks

Pooled mean ranks

χ22

P value

MMSEd

69.47

89.58

72.54

7.1

.04

MoCAe

71.88

81.26

84.03

2.5

.34

RAVLT1f

77.20

78.81

78.04

1.6

.52

RAVLT totalg

74.84

79.24

82.00

1.9

.48

RAVLTDh

77.97

79.08

75.94

1.5

.53

CVLT1i

69.37

84.09

83.57

5.0

.14

CVLT totalj

71.58

84.77

77.71

3.4

.26

CVLTDk

71.33

79.23

89.14

4.7

.20

Trail Bl

74.95

81.23

77.84

1.0

.67

Digit span forward

75.15

77.65

84.48

1.5

.52

Digit span backward

72.73

78.77

87.19

2.6

.32

FUCASm

72.68

81.63

81.67

2.4

.39

FRSSDn

74.47

83.83

73.70

3.9

.30

IADLo

77.19

80.15

75.41

1.3

.61

GDSp

88.33

78.50

56.02

8.5

.005

BAIq

76.33

80.74

75.99

0.1

.51

BDIr

79.18

79.41

72.83

4.8

.49

Neuropsychological test

Cognitive domain

Functionality

Affective domain

a

LLM: Long-Lasting Memories.

b

AC: Active Control.

c

PTC: Physical Training Control.

d

MMSE: Mini-Mental State Examination.

e

MoCA: Montreal Cognitive Assessment.

f

RAVLT1: Rey Auditory Verbal Learning Test: immediate recall.

g

RAVLT total: Rey Auditory Verbal Learning Test: sum up of 5 recall attempts.

h

RAVLTD: Rey Auditory Verbal Learning Test: delayed recall.

i

CVLT1: California Verbal Learning Test: immediate recall.

j

CVLT total: California Verbal Learning Test: sum up of 5 recall attempts.

k

CVLTD: California Verbal Learning Test: delayed recall.

l

Trail B: Trail Making Test, Part B.

m

FUCAS: Functional and Cognitive Assessment Test.

n

FRSSD: Functional Rating Scale of Symptoms of Dementia.

o

IADL: Instrumental Activities of Daily Living scale.

p

GDS: Geriatric Depression Scale.

q

BAI: Beck Anxiety Inventory.

r

BDI: Beck Depression Inventory.
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Within-Group Analysis
Long-Lasting Memories Group
LLM participants scored significantly higher in RAVLT1,
RAVLT total, CVLT1, CVLT total, and CVLTD tests after
their training compared with the baseline (Table 3). The
within-group comparison did not reveal any significant
differences either in functionality test scores of FUCAS, FRSSD,
and IADL tests or emotion test scores of GDS, BAI, and BDI
scores when comparing pre- and posttraining scores (Multimedia
Appendix 2 Table A).
Active Control Group
The AC group showed significant improvement in their
performance on the MMSE, RAVLT total, CVLT1, CVLT total,
CVLTD, and digit span backward test when comparing the test
scores before and after their training. They also showed
significantly higher scores in the FUCAS test after training
compared with the baseline evaluation, possibly indicating a
decrease in their functionality in daily life activities (Table 3).
Significant changes in the performance of the AC group at GDS,
BAI, and BDI tests were not found when comparing scores at
the two time points (Multimedia Appendix 2 Table B).
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Physical Training Control Group
The PTC participants scored significantly higher in MoCA,
RAVLT total, CVLT total, CVLTD, digit span forward, and
digit span backward tests at the posttraining screening relative
to the baseline. A significant decrease was also observed in
scores on the GDS test at the posttraining neuropsychological
screening relative to those of the baseline evaluation (Table 3;
see Multimedia Appendix 3 Figure i for detailed results).
Functionality scores of FUCAS, FRSSD, and IADL tests did
not change significantly at the two time points (Multimedia
Appendix 2 Table C).
The passive group (n=13), which was reassessed after the 12
weeks, did not reveal significant changes in their performance
on the tests MMSE (t12=2.082; P=.059), MoCA (W=–0.319;
P=.75), Trail B (t11=–0.656; P=.53), IADL (W=–0.577; P=.56),
and GDS (W=–0.852; P=.39) at the two time points. However,
a significant increase of 8.385 score units (95% CI 3.39 to 13.38,
Cohen d=1.015 [38]) was found in CVLT total (t12=3.659;
P=.003; CVLT baseline: 38.00; CVLT after 12 week: 46.38).
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Table 3. Test scores with significant improvement for each interventional group when comparing their scores at the two time points.
Neuropsychological test

Pooled mean

Pooled mean

ranks: negativea

ranks: positiveb

Averaged median
before training

Averaged median
after training

Test results

Wilcoxon signed-rank test P value
LLMc
RAVLT1d

23.88

34.41

4.535

5.428

–3.2

.045

RAVLT totale

25.45

32.65

37.121

41.85

–3.2

.04

CVLT1f

20.35

29.62

4.795

5.311

–2.4

.04

CVLT totalg

25.22

31.18

41.369

46.206

–3.4

.002

CVLTDh

19.67

30.73

8.559

9.239

–2.7

.02

MMSEj

22.56

24.96

27.000

28.000

–4.1

<.001

RAVLT total

24.36

33.47

38.903

45.507

–3.8

.005

CVLT1

20.36

30.79

4.584

6.650

–4.0

<.001

CVLT total

16.94

32.25

39.941

47.742

–4.6

<.001

CVLTD

23.74

30.98

8.259

9.908

–3.6

.002

Digit span backward

21.30

26.96

4.004

4.488

–2.5

.03

MoCAl

9.99

13.73

22.394

23.000

–2.0

.04

RAVLT total

12.43

17.51

37.546

44.117

–2.7

.02

CVLT total

11.56

16.41

41.187

48.359

–2.6

.02

CVLTD

12.32

16.08

8.175

10.869

–3.3

.02

Digit span forward

10.66

14.02

5.000

5.000

–2.3

.02

Digit span backward

9.12

12.16

4.000

4.000

–2.8

.006

13.46

7.58

2.000

0

–3.5

.001

ACi

PTCk

m

GDS
a

Negative mean rank: test score post < test score pre.

b

Positive mean rank: test score post > test score pre.

c

LLM: Long-Lasting Memories.

d

RAVLT1: Rey Auditory Verbal Learning Test: immediate recall.

e

RAVLT total: Rey Auditory Verbal Learning Test: sum up of 5 recall attempts.

f

CVLT1: California Verbal Learning Test: immediate recall.

g

CVLT total: California Verbal Learning Test: sum up of 5 recall attempts.

h

CVLTD: California Verbal Learning Test: delayed recall.

i

AC: Active Control.

j

MMSE: Mini-Mental State Examination.

k

PTC: Physical Training Control.

l

MoCA: Montreal Cognitive Assessment.

m

GDS: Geriatric Depression Scale.

Among-Group Analysis Based on Genotype
Non-ε4 Carriers Among Groups
Non-ε4 carriers appear to significantly alter their performance
neither in any cognitive tests nor in any test assessing their
functionality in activities of daily living at the two time points
depending on the group. Significant among-group differences
were observed only in GDS tests. Planned post hoc tests revealed
https://www.jmir.org/2020/5/e14617
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that LLM showed a considerably greater change in their geriatric
depressive symptoms than the PTC group (Table 4 and
Multimedia Appendix 3 Figure i).
Apolipoprotein E ε4 Carriers Among Groups
The ε4 carriers did not change their cognitive status significantly
depending on the training given as evaluated by post-pre
differences between groups. Furthermore, ε4 carriers seem to
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preserve their functionality and mood status as evaluated by
respective tests at the two time points (Table 5 and Multimedia
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Appendix 3 Figure ii).

Table 4. Among-group comparison results in non-ε4 carriers. Descriptive measures (pooled mean ranks of post-pre scores) for each group (Long-Lasting
Memories, Active Control, and Physical Training Control) are displayed.
LLMa

ACb

PTCc

Test results

Pooled mean ranks

Pooled mean ranks

Pooled mean ranks

χ22

P value

MMSEd

57.11

70.00

54.77

4.6

.12

MoCAe

60.75

64.68

56.39

0.5

.80

RAVLT1f

61.13

62.48

62.73

1.7

.49

RAVLT totalg

59.67

62.69

65.19

1.8

.51

RAVLTDh

62.93

61.79

60.60

1.7

.54

CVLT1i

53.86

67.73

66.11

5.3

.12

CVLT totalj

56.74

67.69

60.43

3.2

.28

CVLTDk

57.78

61.58

71.33

3.6

.26

Trail Bl

61.96

64.68

56.39

1.3

.58

Digit span forward

58.62

61.85

69.07

1.8

.44

Digit span backward

57.62

63.21

68.18

1.8

.45

FUCASm

55.59

65.65

67.07

3.3

.27

FRSSDn

58.73

66.00

60.05

3.1

.35

IADLo

59.63

65.26

59.80

2.1

.48

GDSp

69.64

61.65

47.46

6.6

.047

BAIq

60.18

64.09

56.13

1.9

.55

BDIr

64.13

62.76

56.13

2.3

.46

Neuropsychological tests

Cognitive domain

Functionality

Affective domain

a

LLM: Long-Lasting Memories.

b

AC: Active Control.

c

PTC: Physical Training Control.

d

MMSE: Mini-Mental State Examination.

e

MoCA: Montreal Cognitive Assessment.

f

RAVLT1: Rey Auditory Verbal Learning Test: immediate recall.

g

RAVLT total: Rey Auditory Verbal Learning Test: sum up of 5 recall attempts.

h

RAVLTD: Rey Auditory Verbal Learning Test: delayed recall.

i

CVLT1: California Verbal Learning Test: immediate recall.

j

CVLT total: California Verbal Learning Test: sum up of 5 recall attempts.

k

CVLTD: California Verbal Learning Test: delayed recall.

l

Trail B: Trail Making Test, Part B.

m

FUCAS: Functional and Cognitive Assessment Test.

n

FRSSD: Functional Rating Scale of Symptoms of Dementia.

o

IADL: Instrumental Activities of Daily Living scale.

p

GDS: Geriatric Depression Scale.

q

BAI: Beck Anxiety Inventory.

r

BDI: Beck Depression Inventory.
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Table 5. Among-group comparison results in ε4 carriers. Descriptive measures (pooled mean ranks of post-pre scores) for each group (Long-Lasting
Memories, Active Control, and Physical Training Control) are presented.
LLMa

ACb

PTCc

Test results

Pooled mean ranks

Pooled mean ranks

Pooled mean ranks

χ22

P value

MMSEd

12.44

17.63

16.37

2.3

.31

MoCAe

12.25

16.20

18.57

3.2

.25

RAVLT1f

14.99

15.52

14.36

1.1

.66

RAVLT totalg

14.57

14.94

15.88

1.8

.49

RAVLTDh

14.48

15.96

14.74

1.6

.57

CVLT1i

14.09

14.67

17.12

1.6

.49

CVLT totalj

13.30

16.02

16.84

1.7

.50

CVLTDk

13.37

15.69

17.15

1.9

.48

Trail Bl

12.16

15.52

19.61

4.1

.18

Digit span forward

15.50

13.51

15.99

1.6

.61

Digit span backward

14.42

14.68

16.49

0.8

.72

FUCASm

15.21

15.67

13.74

1.2

.59

FRSSDn

15.25

15.99

13.25

2.0

.53

IADLo

16.62

12.58

15.10

2.9

.45

GDSp

16.87

17.29

8.57

5.7

.07

BAIq

15.07

15.86

13.77

1.8

.56

BDIr

14.68

15.48

14.98

1.0

.64

Neuropsychological tests

Cognitive domain

Functionality

Affective domain

a

LLM: Long-Lasting Memories.

b

AC: Active Control.

c

PTC: Physical Training Control.

d

MMSE: Mini-Mental State Examination.

e

MoCA: Montreal Cognitive Assessment.

f

RAVLT1: Rey Auditory Verbal Learning Test: immediate recall.

g

RAVLT total: Rey Auditory Verbal Learning Test: sum up of 5 recall attempts.

h

RAVLTD: Rey Auditory Verbal Learning Test: delayed recall.

i

CVLT1: California Verbal Learning Test: immediate recall.

j

CVLT total: California Verbal Learning Test: sum up of 5 recall attempts.

k

CVLTD: California Verbal Learning Test: delayed recall.

l

Trail B: Trail Making Test, Part B.

m

FUCAS: Functional and Cognitive Assessment Test.

n

FRSSD: Functional Rating Scale of Symptoms of Dementia.

o

IADL: Instrumental Activities of Daily Living scale.

p

GDS: Geriatric Depression Scale.

q

BAI: Beck Anxiety Inventory.

r

BDI: Beck Depression Inventory.
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Within-Group Analysis Based on Genotype
Long-Lasting Memories Group
The ε4 carriers in the LLM group significantly improved their
performance at Trail B while non-ε4 carriers considerably
improved their performance on many cognitive tests such as
the MMSE, MoCA, RAVLT1, RAVLT total, CVLT1, CVLT
total, and CVLTK, comparing their test scores both before and
after the training (Table 6 and Multimedia Appendix 3 Figure
iii). Neither ε4 carriers nor non-ε4 carriers considerably altered
their functional status in activities of daily living and depressive
and anxiety symptomatology (Multimedia Appendix 2 Table
D).
Active Control Group
AC ε4 carriers did not significantly change their scores on
cognitive tests before and after training (Multimedia Appendix
2 Table E), while non-ε4 carriers showed a considerable
improvement on the MMSE, MoCA, digit span backward,
RAVLT total, an on different categories of the CVLT test. The
ε4 carriers did not considerably change their functionality in
activities of daily living as assessed by different tests at the two
time points while the non-ε4 carriers significantly altered their
scores on the FUCAS test, indicating a decrease in their
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functionality (Table 6 and Multimedia Appendix 3 Figure iv).
Nonsignificant changes were observed in both ε4 carriers and
non-ε4 carriers with regard to their depressive and anxiety
symptomatology (Multimedia Appendix 2 Table E).
Physical Training Control
The ε4 carriers of PTC scored significantly better on digit span
backward tests after training compared with the baseline, while
non-ε4 carriers of the same group showed considerable
improvement in a couple of tests such as RAVLT total, CVLT
total, CVLTK, digit span forward, and digit span backward
(Table 6 and Multimedia Appendix 3 Figure v).
PTC ε4 carriers did not show a significant change in their
functionality in activities of daily living as assessed by the
FUCAS, FRSSD, and IADL tests (Multimedia Appendix 2
Table F). However, non-ε4 carriers showed a marginally
significant change only in FUCAS scores when comparing their
scores at the two time points. Both ε4 carriers and non-ε4
carriers seemed to significantly improve their geriatric
depressive scores after the training compared with the baseline
screening (Table 6). Scores on BAI and BDI tests at the two
time points did not change significantly in either group
(Multimedia Appendix 2 Table F).
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Table 6. Significant score changes in the performance of ε4 carriers and non-ε4 carriers of the Long-Lasting Memories, Active Control, and Physical
Training Control groups.
Neuropsychological tests Pooled mean
ranks: negativea

Pooled mean
ranks: positiveb

Averaged median
before training

Averaged median
after training

Test results

Wilcoxon signed-rank test

P value

LLMc ε4 carriers
Trail Bd

7.03

6.87

234.797

185.516

–2.2

.03

MMSEe

14.30

20.36

27.000

28.000

–2.0

.047

MoCAf

20.24

22.85

22.915

24.000

–2.2

.04

RAVLT1g

17.33

26.15

4.523

5.463

–3.0

.049

RAVLT totalh

18.95

26.06

37.699

43.220

–3.0

.04

CVLT1i

14.47

21.42

4.751

5.566

–2.6

.03

CVLT totalj

18.88

22.97

41.605

46.994

–3.4

.002

CVLTDk

14.49

22.83

8.471

9.598

–2.7

.02

MMSE

19.58

21.34

26.948

28.000

–3.8

<.001

MoCA

17.28

27.77

22.997

24.726

–2.4

.04

RAVLT total

19.28

28.41

38.771

45.806

–3.6

.01

CVLT1

14.54

26.21

4.507

6.832

–4.2

<.001

CVLT total

12.45

26.75

39.180

48.408

–4.5

<.001

CVLTD

19.06

25.64

8.312

10.002

–3.5

.002

Digit span backward 17.41

22.16

4.000

4.362

–2.3

.046

FUCASl

23.69

43.798

44.271

–3.2

.004

Digit span backward 2.50

3.75

4.000

5.000

–2.1

.03

GDSn

3.50

0

2.000

0

–2.2

.03

RAVLT total

9.37

13.62

37.509

44.118

–2.6

.03

CVLT total

9.32

13.02

41.230

47.803

–2.4

.04

CVLTD

9.41

13.16

7.871

10.822

–3.0

.03

Digit span forward

9.02

10.96

4.405

5.000

–2.5

.01

Digit span backward 6.52

9.96

4.000

4.000

–2.2

.03

FUCAS

8.54

14.55

43.537

44.505

–2.3

.05

GDS

10.68

5.28

2.000

0

–2.8

.006

LLM non-ε4 carriers

Active non-ε4 carriers

17.66

PTCm ε4 carriers

PTC non-ε4 carriers

a

Negative mean rank: test score post < test score pre.

b

Positive mean rank: test score post > test score pre.

c

LLM: Long-Lasting Memories.

d

Trail B: Trail Making Test, Part B.

e

MMSE: Mini-Mental State Examination.

f

MoCA: Montreal Cognitive Assessment.

g

RAVLT1: Rey Auditory Verbal Learning Test: immediate recall.

h

RAVLT total: Rey Auditory Verbal Learning Test: sum up of 5 recall attempts.

i

CVLT1: California Verbal Learning Test: immediate recall.
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j

CVLT total: California Verbal Learning Test: sum up of 5 recall attempts.

k

CVLTD: California Verbal Learning Test: delayed recall.

l

FUCAS: Functional and Cognitive Assessment Test.

m

PTC: Physical Training Control.

n

GDS: Geriatric Depression Scale.

Discussion
Principal Findings
To our knowledge, this is the first quasi-experimental study to
investigate in elders with MCI the impact of a combination of
computerized physical and cognitive training not only in terms
of cognitive decline in general but also based on the different
APOE isoforms. Our results indicate that MCI APOE ε4 carriers
respond differently and less prominently in web-based
interventions.
Since there are no previous data about nonpharmacological
computerized interventional outcomes on APOE ε4 carriers,
we cannot possibly make direct comparisons with past research,
but we do underline the importance of these new findings and
the likely key role of future investigations with longitudinal
randomized trials.
There are, however, recent data on computerized training
interventions in MCI subjects that present results in line with
our findings, suggesting improvement of learning ability
(RAVLT total, CVLT total) and short-term memory (RAVLT1,
CVLT1, digit span), verbal memory (RAVLT, CVLT),
task-switching, processing speed and visuospatial memory (Trail
B), episodic memory (RAVLTD and CVLTD delayed recall)
and attention (MMSE, MoCA), and a positive effect on
depressive symptoms (GDS) as well (for a review see Klimova
et al [66]). Although these outcomes appear promising,
researchers underline the limitations of these studies because
of their duration, small sample sizes, and methodological
differences. A recent meta-analysis on classic cognitive
interventions targeting multiple domains in MCI subjects
presented cognitive benefits in working memory, attention, and
verbal memory in a larger study series [5]. The above outcomes,
which are consistent with ours, enhance the strength of the thesis
that training in the MCI population is a promising tool against
neurodegeneration.
The combination of physical and cognitive training has also
been studied previously in this high-risk population, underlining
not only the cognitive benefits [67,68] but also the improvement
of biological parameters such as brain-derived neurotrophic
factor levels, grey matter volume [69], and increased
para-hippocampal cerebral blood flow [67].

best intervention. Assessment of activities of daily living
revealed no differences, while changes in the affective domain
underlined the positive effect of physical exercise on stress and
depression.
Within each interventional group, statistically significant
differences were more obvious. The LLM group showed
significant improvement in episodic memory, learning ability,
and long-term memory, while no significant changes existed in
functionality and the affective domain. The AC group showed
a considerable improvement in global cognition status as
assessed by MMSE, episodic memory, learning ability,
long-term memory, and working memory. Finally, the PTC
group showed significant improvement in global cognitive status
as assessed by MoCA and in working memory, learning ability,
and long-term memory. The PTC group also had statistically
diminished depressive symptoms, which is also repeatedly
shown in literature to be a beneficial effect of physical exercise
in mood disorders [70].
The small sample of the passive group reassessed at 12 weeks
presented no change in most of the parameters under
investigation. They only showed an improvement in learning
ability. This result may be explained by the short interval
between the pre-post evaluation and familiarization with the
evaluation process.
When participants were divided by genotype into two subgroups
of APOE ε4 carriers and non-ε4 carriers, comparisons among
the groups showed statistically significant differences only for
the non-ε4 carriers’ depressive symptoms assessed by GDS
between the LLM and PTC groups, with a less depressive burden
for the PTC group. The ε4 carriers did not differentiate for any
parameter between the groups.
Within-group analysis, however, revealed statistically significant
improvements in the LLM group in working memory and
visuospatial ability as measured by the Trail B test for the ε4
carriers, while the non-ε4 carriers showed considerable
improvements in multiple cognitive domains. No changes have
been noticed for either of the subgroups regarding functionality
and emotional burden (Multimedia Appendix 3 Figure iii).

Recent data on exergaming, using the latest technology of the
virtual reality with low and high cognitive engagement, also
demonstrated improvement in verbal memory, a cognitive
parameter that showed improvement in all of our interventional
groups [69].

The AC ε4 carrier group showed no significant improvement
in cognitive, functional, or emotional status. The non-ε4 carrier
subgroup revealed multiple domain improvement once again
but also a mild worsening of their functionality assessed by
FUCAS. This functional decline drives us to the assumption
that physical activity helps the maintenance of complex
functional tasks in comparison with cognitive training alone
(Multimedia Appendix 3 Figure iv).

In our study, the analysis among the groups did not reveal
statistically significant differences in the effect of the three
different interventions other than the MMSE (LLM<AC) and
the GDS (LLM>PTC), so we could not possibly identify the

Finally, the PTC ε4 carrier group showed the only improvement
in working memory while non-ε4 carriers had significant
improvement in multiple domains (RAVLT1, CVLT total,
CVLTD, digit span). The non-ε4 carriers in this group also had
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slightly worse functionality assessed by the FUCAS. Both
subgroups, however, showed a statistical improvement in
depressive symptoms (Multimedia Appendix 3 Figure v).

to the above question will be presented in a future paper on this
study.

APOE isoforms have been used as potential predictor markers
for examining cognitive intervention effects in the current
literature. Peter et al [71] suggest that the presence of APOE ε4
was not a significant predictor of any change in the cognitive
variables, while another study underlines the potential beneficial
effect of its absence [72]. The above findings are in line with
ours, as we found stability in cognitive performance in the case
of ε4 carriers and a significant improvement in the case of
non-ε4 carriers.

Our study has certain limitations. Randomization and blinding
of test administrators and participants was not feasible due to
practical issues. However, the lack of randomization is unlikely
to bias effects as demographic characteristics and baseline
performance are comparable. In our sample, 17.6% (43/244)
were ΑPOE ε4 carriers (at least one ε4 allele), which is lower
than the expected Greek population frequency of 25.5% [77].
That is due to the small sample size (n=244) regarding genetic
studies, although other cognitive intervention studies recruited
even fewer participants (n<100 [72,73]).

The presence of APOE ε4 has also been related to biological
and cognitive outcomes in physical exercise. Different brain
metabolic responses to exercise related to the APOE isoforms
have been reported [73], although their significance remains to
be elucidated. Hence, Makino et al [74] suggest potential
memory function benefits of physical exercise for ε4 carriers
among older adults, also consistent with our findings, showing
improvement in working memory in both groups that used
physical training.
In our study, the ΑPOE ε4 presence was related to a resistance
of cognitive improvement, while the non-ε4 carriers showed
multiple cognitive benefits. Although nonresponders, the ε4
carriers seemed to improve at least one of the test scores under
investigation with combined cognitive and physical training or
physical training via exergaming but not with cognitive training
only. That may be explained by the beneficial effects of physical
exercise activity on systematic and neurological biological
parameters [67,69,73-76]. The question that stems from the
above findings is whether this is an interventional failure or the
success of the disease progression postponement. The answer

Limitations

The short time to reevaluation may influence the described
effect on neuropsychological test scores. However, the
short-term interval of 12 weeks for intervention is commonly
used in the design of similar studies. The missing values issue
is a common problem in clinical research. It was handled in the
most effective and statistically approved way as described in
the literature, considering all the parameters and running all the
necessary tests to avoid statistical analyses bias. Regarding
future review and meta-analysis, we should declare that 35
participants in the LLM group were part of the interventional
group of a previous study [19]. Future research in the field
should consider these difficulties and may overcome them by
using larger samples and long-term follow-up.

Conclusions
Exergaming is an effective intervention method for patients
with MCI. None of the applied computer-based interventions
could be identified as the best. Nevertheless, it seems that
combined cognitive and physical training and physical training
via exergaming tend to be more effective for the high-risk MCI
ΑPOE ε4+ subgroup.

Acknowledgments
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
However, parts of this work were supported by the LLM Care [58] self-funded initiative that emerged as the not-for-profit business
exploitation of the Long-Lasting Memories (LLM Project) [78] originally funded by the ICT-CIP-PSP (Information and
Communication Technologies–Competitiveness and Innovation Framework Programme–Policy Support Programme) Program
of the European Commission.

Conflicts of Interest
PDB discloses potential (non-financial and beyond the context of the submitted work) conflicts of interest with PositScience:
there is a co-marketing agreement between the company and the Aristotle University of Thessaloniki to exploit Brain HQ within
the LLM Care self-funded initiative that emerged as the non-for-profit business exploitation of the Long-Lasting Memories (LLM
Project) (www.longlastingmemories.eu) originally funded by the ICT-CIP-PSP Program of the European Commission. Brain
HQ now forms part of LLM Care, a technology transfer/self-funded initiative that emerged as the non-for-profit business
exploitation of LLM. FitForAll (FFA) has been developed in the Aristotle University of Thessaloniki during the Long-Lasting
Memories (LLM Project) (www.longlastingmemories.eu) originally funded by the ICT-CIP-PSP Program of the European
Commission. It now forms part of LLM Care, a technology transfer/self-funded initiative that emerged as the non-for-profit
business exploitation of LLM.

Multimedia Appendix 1
Statistical analysis.
[DOCX File , 25 KB-Multimedia Appendix 1]
https://www.jmir.org/2020/5/e14617

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 15
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Tsolaki et al

Multimedia Appendix 2
Supplementary tables.
[DOCX File , 33 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Detailed results.
[DOCX File , 1334 KB-Multimedia Appendix 3]

References
1.
2.

3.

4.
5.

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med 2004 Sep;256(3):183-194 [FREE Full text]
[doi: 10.1111/j.1365-2796.2004.01388.x] [Medline: 15324362]
Boyle PA, Buchman AS, Wilson RS, Kelly JF, Bennett DA. The APOE epsilon4 allele is associated with incident mild
cognitive impairment among community-dwelling older persons. Neuroepidemiology 2010;34(1):43-49 [FREE Full text]
[doi: 10.1159/000256662] [Medline: 19907191]
Belleville S, Fouquet C, Hudon C, Zomahoun HTV, Croteau J, Consortium for the Early Identification of Alzheimer’s
disease-Quebec. Neuropsychological measures that predict progression from mild cognitive impairment to Alzheimer's
type dementia in older adults: a systematic review and meta-analysis. Neuropsychol Rev 2017 Dec;27(4):328-353 [FREE
Full text] [doi: 10.1007/s11065-017-9361-5] [Medline: 29019061]
Counts SE, He B, Nadeem M, Wuu J, Scheff SW, Mufson EJ. Hippocampal drebrin loss in mild cognitive impairment.
Neurodegener Dis 2012;10(1-4):216-219 [FREE Full text] [doi: 10.1159/000333122] [Medline: 22310934]
Sherman DS, Mauser J, Nuno M, Sherzai D. The efficacy of cognitive intervention in mild cognitive impairment (MCI):
a meta-analysis of outcomes on neuropsychological measures. Neuropsychol Rev 2017 Dec;27(4):440-484 [FREE Full
text] [doi: 10.1007/s11065-017-9363-3] [Medline: 29282641]
Bamidis PD, Vivas AB, Styliadis C, Frantzidis C, Klados M, Schlee W, et al. A review of physical and cognitive interventions
in aging. Neurosci Biobehav Rev 2014 Jul;44:206-220. [doi: 10.1016/j.neubiorev.2014.03.019] [Medline: 24705268]
Coyle H, Traynor V, Solowij N. Computerized and virtual reality cognitive training for individuals at high risk of cognitive
decline: systematic review of the literature. Am J Geriatr Psychiatry 2015 Apr;23(4):335-359. [doi:
10.1016/j.jagp.2014.04.009] [Medline: 24998488]
López-Higes R, Martín-Aragoneses MT, Rubio-Valdehita S, Delgado-Losada ML, Montejo P, Montenegro M, et al. Efficacy
of cognitive training in older adults with and without subjective cognitive decline is associated with inhibition efficiency
and working memory span, not with cognitive reserve. Front Aging Neurosci 2018;10:23 [FREE Full text] [doi:
10.3389/fnagi.2018.00023] [Medline: 29456502]
Miotto E, Batista A, Simon S, Hampstead B. Neurophysiologic and cognitive changes arising from cognitive training
interventions in persons with mild cognitive impairment: a systematic review. Neural Plast 2018:1-4. [doi:
10.1155/2018/7301530]
Poptsi E, Lazarou I, Markou N, Vassiloglou M, Nikolaidou E, Diamantidou A, et al. A comparative single-blind randomized
controlled trial with language training in people with mild cognitive impairment. Am J Alzheimers Dis Other Demen 2019
May;34(3):176-187. [doi: 10.1177/1533317518813554] [Medline: 30518237]
Vivas AB, Ypsilanti A, Ladas AI, Kounti F, Tsolaki M, Estévez AF. Enhancement of visuospatial working memory by the
differential outcomes procedure in mild cognitive impairment and Alzheimer's disease. Front Aging Neurosci 2018;10:364
[FREE Full text] [doi: 10.3389/fnagi.2018.00364] [Medline: 30524264]
Tsolaki M, Kounti F, Agogiatou C, Poptsi E, Bakoglidou E, Zafeiropoulou M, et al. Effectiveness of nonpharmacological
approaches in patients with mild cognitive impairment. Neurodegener Dis 2011;8(3):138-145. [doi: 10.1159/000320575]
[Medline: 21135531]
Diederich K, Bastl A, Wersching H, Teuber A, Strecker J, Schmidt A, et al. Effects of different exercise strategies and
intensities on memory performance and neurogenesis. Front Behav Neurosci 2017;11:47 [FREE Full text] [doi:
10.3389/fnbeh.2017.00047] [Medline: 28360847]
Brown BM, Sohrabi HR, Taddei K, Gardener SL, Rainey-Smith SR, Peiffer JJ, Dominantly Inherited Alzheimer Network.
Habitual exercise levels are associated with cerebral amyloid load in presymptomatic autosomal dominant Alzheimer's
disease. Alzheimers Dement 2017 Nov;13(11):1197-1206 [FREE Full text] [doi: 10.1016/j.jalz.2017.03.008] [Medline:
28501451]
García-Mesa Y, Colie S, Corpas R, Cristòfol R, Comellas F, Nebreda AR, et al. Oxidative stress is a central target for
physical exercise neuroprotection against pathological brain aging. J Gerontol A Biol Sci Med Sci 2016 Jan;71(1):40-49.
[doi: 10.1093/gerona/glv005] [Medline: 25720862]
Abd El-Kader SM, Al-Jiffri OH. Aerobic exercise improves quality of life, psychological well-being and systemic
inflammation in subjects with Alzheimer's disease. Afr Health Sci 2016 Dec;16(4):1045-1055 [FREE Full text] [doi:
10.4314/ahs.v16i4.22] [Medline: 28479898]

https://www.jmir.org/2020/5/e14617

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 16
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
17.

18.
19.

20.

21.
22.

23.

24.

25.

26.
27.

28.

29.

30.

31.
32.
33.

34.

35.

36.
37.
38.

Head D, Bugg JM, Goate AM, Fagan AM, Mintun MA, Benzinger T, et al. Exercise engagement as a moderator of the
effects of APOE genotype on amyloid deposition. Arch Neurol 2012 May;69(5):636-643 [FREE Full text] [doi:
10.1001/archneurol.2011.845] [Medline: 22232206]
Erickson KI, Gildengers AG, Butters MA. Physical activity and brain plasticity in late adulthood. Dialogues Clin Neurosci
2013 Mar;15(1):99-108 [FREE Full text] [Medline: 23576893]
Bamidis PD, Fissler P, Papageorgiou SG, Zilidou V, Konstantinidis EI, Billis AS, et al. Gains in cognition through combined
cognitive and physical training: the role of training dosage and severity of neurocognitive disorder. Front Aging Neurosci
2015;7:152 [FREE Full text] [doi: 10.3389/fnagi.2015.00152] [Medline: 26300772]
Konstantinidis EI, Bamparopoulos G, Bamidis PD. Moving real exergaming engines on the web: the webFitForAll case
study in an active and healthy ageing living lab environment. IEEE J Biomed Health Inform 2017 Dec;21(3):859-866. [doi:
10.1109/JBHI.2016.2559787] [Medline: 28113566]
Kueider AM, Parisi JM, Gross AL, Rebok GW. Computerized cognitive training with older adults: a systematic review.
PLoS One 2012;7(7):e40588 [FREE Full text] [doi: 10.1371/journal.pone.0040588] [Medline: 22792378]
Anderson-Hanley C, Maloney M, Barcelos N, Striegnitz K, Kramer A. Neuropsychological benefits of neuro-exergaming
for older adults: a pilot study of an interactive physical and cognitive exercise system (iPACES™). J Aging Phys Act 2016
Jun 23;25:73-83. [doi: 10.1123/japa.2015-0261] [Medline: 27337738]
Konstantinidis EI, Billis AS, Mouzakidis CA, Zilidou VI, Antoniou PE, Bamidis PD. Design, implementation, and wide
pilot deployment of FitForAll: an easy to use exergaming platform improving physical fitness and life quality of senior
citizens. IEEE J Biomed Health Inform 2016 Jan;20(1):189-200. [doi: 10.1109/JBHI.2014.2378814] [Medline: 26731797]
Sun X, Nicholas J, Walker A, Wagner MT, Bachman D. APOE genotype in the diagnosis of Alzheimer's disease in patients
with cognitive impairment. Am J Alzheimers Dis Other Demen 2012 Aug;27(5):315-320. [doi: 10.1177/1533317512452037]
[Medline: 22815080]
Wolf AB, Caselli RJ, Reiman EM, Valla J. APOE and neuroenergetics: an emerging paradigm in Alzheimer's disease.
Neurobiol Aging 2013 Apr;34(4):1007-1017 [FREE Full text] [doi: 10.1016/j.neurobiolaging.2012.10.011] [Medline:
23159550]
Kim J, Basak JM, Holtzman DM. The role of apolipoprotein E in Alzheimer's disease. Neuron 2009 Aug 13;63(3):287-303
[FREE Full text] [doi: 10.1016/j.neuron.2009.06.026] [Medline: 19679070]
O'Donoghue MC, Murphy SE, Zamboni G, Nobre AC, Mackay CE. APOE genotype and cognition in healthy individuals
at risk of Alzheimer's disease: a review. Cortex 2018 Dec;104:103-123 [FREE Full text] [doi: 10.1016/j.cortex.2018.03.025]
[Medline: 29800787]
Bonham LW, Geier EG, Fan CC, Leong JK, Besser L, Kukull WA, et al. Age-dependent effects of APOE ε4 in preclinical
Alzheimer's disease. Ann Clin Transl Neurol 2016 Sep;3(9):668-677 [FREE Full text] [doi: 10.1002/acn3.333] [Medline:
27648456]
Harris AD, McGregor JC, Perencevich EN, Furuno JP, Zhu J, Peterson DE, et al. The use and interpretation of
quasi-experimental studies in medical informatics. J Am Med Inform Assoc 2006;13(1):16-23 [FREE Full text] [doi:
10.1197/jamia.M1749] [Medline: 16221933]
González-Palau F, Franco M, Bamidis P, Losada R, Parra E, Papageorgiou SG, et al. The effects of a computer-based
cognitive and physical training program in a healthy and mildly cognitive impaired aging sample. Aging Ment Health 2014
Sep;18(7):838-846. [doi: 10.1080/13607863.2014.899972] [Medline: 24697325]
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975 Nov;12(3):189-198. [Medline: 1202204]
Fountoulakis KN, Tsolaki M, Chantzi H, Kazis A. Mini Mental State Examination (MMSE): a validation study in Greece.
Am J Alzheimers Dis Other Demen 2000 Nov 01;15(6):342-345. [doi: 10.1177/153331750001500604]
Kounti F, Tsolaki M, Eleftheriou M, Agogiatou C, Karagiozi K, Bakoglidou E. Administration of Montreal Cognitive
Assesment (MoCA) test in Greek healthy elderly, patients with mild cognitive impairment and patients with dementia.
2007 Presented at: 2nd International Conference on Psychological Assessment; 2007; Thessaloniki.
Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc 2005 Apr;53(4):695-699. [doi:
10.1111/j.1532-5415.2005.53221.x] [Medline: 15817019]
Poptsi E, Kounti F, Karagiozi K, Eleuftheriou M, Agogiatou C, Bacoglidou E. The administration of trail making test to
Greek healthy elderly, to patients with mild cognitive impairment, preclinical dementia and mild dementia. 2007 Presented
at: 2nd International Conference on Psychological Assessment; 2007; Thessaloniki p. 157-158.
Armitage SG. An analysis of certain psychological tests used for the evaluation of brain injury. Psychological Monographs
1946;60(1):i-48. [doi: 10.1037/h0093567]
Delis D, Kramer J, Kaplan E, Ober B. California Verbal Learning Test: Adult Version. San Antonio: The Psychological
Corporation; 1987.
Woods S, Delis D, Scott J, Kramer J, Holdnack J. The California Verbal Learning Test, second edition: test-retest reliability,
practice effects, and reliable change indices for the standard and alternate forms. Arch Clin Neuropsychol 2006
Aug;21(5):413-420. [doi: 10.1016/j.acn.2006.06.002]

https://www.jmir.org/2020/5/e14617

XSL• FO
RenderX

Tsolaki et al

J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 17
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
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.
66.

Vlahou CH, Kosmidis MH, Dardagani A, Tsotsi S, Giannakou M, Giazkoulidou A, et al. Development of the Greek Verbal
Learning Test: reliability, construct validity, and normative standards. Arch Clin Neuropsychol 2012 Nov 23;28(1):52-64.
[doi: 10.1093/arclin/acs099]
Schmidt M. Rey Auditory and Verbal Learning Test: A Handbook. Los Angeles: Western Psychological Services; 1996.
Messinis L, Tsakona I, Malefaki S, Papathanasopoulos P. Normative data and discriminant validity of Rey's Verbal Learning
Test for the Greek adult population. Arch Clin Neuropsychol 2007 Aug;22(6):739-752. [doi: 10.1016/j.acn.2007.06.002]
Wechsler D. WMS-R: Wechsler Memory Scale-Revised manual. San Antonio: The Psychological Corporation; 1987.
Wechsler D. Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV). San Antonio: Pearson; 2014.
Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontologist
1969;9(3):179-186. [Medline: 5349366]
Theotoka I, Kapaki E, Vagenas V, Ilias I, Paraskevas GP, Liappas I. Preliminary report of a validation study of Instrumental
Activities of Daily Living in a Greek sample. Percept Mot Skills 2007 Jun;104(3 Pt 1):958-960. [doi:
10.2466/pms.104.3.958-960] [Medline: 17688151]
Hutton J, Dippel R, Loewenson R. Functional rating scale for the symptoms of dementia. In: Gallo J, Bogner H, Fulmer
T, Paveza G, editors. Handbook of Geriatric Assessment. Rockville: Aspen Publishers; 1988.
Kounti F, Tsolaki M, Kiosseoglou G. Functional cognitive assessment scale (FUCAS): a new scale to assess executive
cognitive function in daily life activities in patients with dementia and mild cognitive impairment. Hum Psychopharmacol
2006 Jul;21(5):305-311. [doi: 10.1002/hup.772] [Medline: 16856217]
Beck AT, Ward CH, Mendelson M, Erbaugh J. An inventory for measuring depression. Arch Gen Psychiatry 1961
Jun;4:561-571. [doi: 10.1001/archpsyc.1961.01710120031004] [Medline: 13688369]
Tzemos I. The standardization of the Beck depression inventory in a Greek population sample [Dissertation]. Zografou:
National Kapodistrian University of Athens; 1984.
Yesavage JA, Sheikh JI. Geriatric Depression Scale (GDS): recent evidence and development of a shorter version. Clin
Gerontol 2008 Oct 25;5(1-2):165-173. [doi: 10.1300/J018v05n01_09]
Fountoulakis KN, Tsolaki M, Iacovides A, Yesavage J, O’Hara R, Kazis A, et al. The validation of the short form of the
Geriatric Depression Scale (GDS) in Greece. Aging Clin Exp Res 2014 Jan 7;11(6):367-372. [doi: 10.1007/bf03339814]
Beck A, Steer R. Manual for the Beck Anxiety Inventory. San Antonio: Psychological Corporation; 1990.
Tselebis A, Gournas G, Tzitzanidou G, Panagiotou A, Ilias I. Anxiety and depression in Greek nursing and medical personnel.
Psychol Rep 2006 Aug;99(1):93-96. [doi: 10.2466/pr0.99.1.93-96] [Medline: 17037454]
Salvi F, Miller M, Grilli A, Giorgi R, Towers A, Morichi V. A manual of guidelines to score the modified cumulative
illness rating scale and its validation in acute hospitalized elderly patients. J Am Geriatr Soc 2008;56:31. [doi:
10.1111/j.1532-5415.2008.01935.x]
Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, et al. The diagnosis of mild cognitive impairment
due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups
on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 2011 May;7(3):270-279 [FREE Full text] [doi:
10.1016/j.jalz.2011.03.008] [Medline: 21514249]
Billis A, Konstantinidis E, Mouzakidis C, Tsolaki M, Pappas C, Bamidis P. A game-like interface for training seniors'
dynamic balance and coordination. In: Bamidis P, Pallikarakis N, editors. XII Mediterranean Conference on Medical and
Biological Engineering and Computing 2010. Berlin: Springer; 2010.
Bamidis PD, Konstantinidis EI, Billis A, Frantzidis C, Tsolaki M, Hlauschek W, et al. A Web services-based exergaming
platform for senior citizens: the Long Lasting Memories project approach to e-health care. Conf Proc IEEE Eng Med Biol
Soc 2011;2011:2505-2509. [doi: 10.1109/IEMBS.2011.6090694] [Medline: 22254850]
Video GRade. URL: http://www.llmcare.gr [accessed 2019-07-31]
Koutroumani M, Daniilidou M, Giannakouros T, Proitsi P, Liapi D, Germanou A, et al. The deletion variant of α2b-adrenergic
receptor is associated with decreased risk in Alzheimer's disease and mild cognitive impairment. J Neurol Sci 2013 May
15;328(1-2):19-23. [doi: 10.1016/j.jns.2013.02.003] [Medline: 23499426]
Tabachnick B, Fidell L. Using Multivariate Statistics. San Antonio: Pearson Education; 2013.
Dong Y, Peng CJ. Principled missing data methods for researchers. Springerplus 2013 Dec;2(1):222 [FREE Full text] [doi:
10.1186/2193-1801-2-222] [Medline: 23853744]
Little R, Schenker N. Missing Data. In: Arminger G, Clogg C, Sobel M, editors. Handbook of Statistical Modeling for the
Social and Behavioral Sciences. Boston: Springer; 1995:39-75.
IBM Corp. 2011. IBM SPSS Missing Values 20 URL: ftp://public.dhe.ibm.com/software/analytics/spss/documentation/
statistics/20.0/en/client/Manuals/IBM_SPSS_Missing_Values.pdf [accessed 2020-01-19]
Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Multiple imputation for missing data in
epidemiological and clinical research: potential and pitfalls. BMJ 2009;338:b2393 [FREE Full text] [Medline: 19564179]
van Ginkel JR, Kroonenberg PM. Analysis of variance of multiply imputed data. Multivariate Behav Res 2014 Jan
01;49(1):78-91 [FREE Full text] [doi: 10.1080/00273171.2013.855890] [Medline: 24860197]
Klimova B, Maresova P. Computer-based training programs for older people with mild cognitive impairment and/or
dementia. Front Hum Neurosci 2017;11:262 [FREE Full text] [doi: 10.3389/fnhum.2017.00262] [Medline: 28559806]

https://www.jmir.org/2020/5/e14617

XSL• FO
RenderX

Tsolaki et al

J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 18
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
67.
68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

Tsolaki et al

Train the Brain Consortium. Randomized trial on the effects of a combined physical/cognitive training in aged MCI subjects:
the Train the Brain study. Sci Rep 2017 Jan 03;7:39471 [FREE Full text] [doi: 10.1038/srep39471] [Medline: 28045051]
Kato T, Kanemaru A, Sugawara Y, Kawaji Y, Hiraoka T, Honda T, et al. A combination intervention (cognitive training
and physical exercise) could improve or maintain cognitive functioning in MCI subjects. J Neurol Sci 2017 Oct;381:668.
[doi: 10.1016/J.JNS.2017.08.1881]
Anderson-Hanley C, Barcelos NM, Zimmerman EA, Gillen RW, Dunnam M, Cohen BD, et al. The aerobic and cognitive
exercise study (ACES) for community-dwelling older adults with or at-risk for mild cognitive impairment (MCI):
neuropsychological, neurobiological and neuroimaging outcomes of a randomized clinical trial. Front Aging Neurosci
2018;10:76 [FREE Full text] [doi: 10.3389/fnagi.2018.00076] [Medline: 29780318]
Hearing CM, Chang WC, Szuhany KL, Deckersbach T, Nierenberg AA, Sylvia LG. Physical exercise for treatment of
mood disorders: a critical review. Curr Behav Neurosci Rep 2016 Dec;3(4):350-359 [FREE Full text] [doi:
10.1007/s40473-016-0089-y] [Medline: 28503402]
Peter J, Schumacher LV, Landerer V, Abdulkadir A, Kaller CP, Lahr J, et al. Biological factors contributing to the response
to cognitive training in mild cognitive impairment. J Alzheimers Dis 2018;61(1):333-345 [FREE Full text] [doi:
10.3233/JAD-170580] [Medline: 29154279]
Franzmeier N, Unterauer E. Effects of age, APOE ε4, cognitive reserve and hippocampal volume on cognitive intervention
outcome in amnestic mild cognitive impairment. J Alzheimers Dis Parkinsonism 2016;6(4):1. [doi:
10.4172/2161-0460.1000246]
Porto FH, Coutinho AM, Duran FL, Ono CR, Pinto AL, Gualano B, et al. APOE genotype modifies the effects of aerobic
training on brain glucose metabolism in subjects with mild cognitive impairment. Alzheimers Dement 2016
Jul;12(7):P588-P589. [doi: 10.1016/j.jalz.2016.06.1156]
Makino T, Umegaki H, Hayashi T, Cheng X, Shimada H, Dodge H, et al. [P2-575]: APOE EPSILON 4 STATUS MODIFIES
THE EFFECTS OF AEROBIC, RESISTANCE, OR COMBINED TRAINING ON COGNITIVE FUNCTION IN OLDER
ADULTS. Alzheimer's & Dementia 2017 Jul 01;13(7S_Part_17):P867-P867. [doi: 10.1016/j.jalz.2017.06.1234]
Lerner Y, Yogev-Seligmann G, Eisenstein T, Ash E, Hendler T, Giladi N. Brain plasticity following physical training in
individuals with mild cognitive impairment: neuroimaging study. Alzheimers Dement 2017 Jul;13(7):P867-P868. [doi:
10.1016/j.jalz.2017.06.1235]
Fissler P, Küster O, Schlee W. Novelty interventions to enhance broad cognitive abilities and prevent dementia. Prog Brain
Res 2013;207:403-434. [doi: 10.1016/b978-0-444-63327-9.00017-5] [Medline: 24309264]
Tsolaki AC, Gatzima O, Daniilidou M, Lazarou E, Bamidis PD, Verykouki E, et al. Prevalence of apolipoprotein E
polymorphisms in Alzheimer’s disease, mild cognitive impairment, and healthy elderly: a Northern Greece study.
Neurodegener Dis 2018;18(4):216-224. [doi: 10.1159/000491764] [Medline: 30205398]
Long-Lasting Memories: mind and body fitness for life. URL: http://www.longlastingmemories.eu [accessed 2020-01-19]

Abbreviations
AC: Active Control
APOE: apolipoprotein E
APOE ε4: ε4 allele of the apolipoprotein gene
BAI: Beck Anxiety Inventory
BDI: Beck Depression Inventory
CIRS: Cumulative Illness Rating Scale–Geriatric
CVLT: California Verbal Learning Test
FFA: FitForAll
FRSSD: Functional Rating Scale of Symptoms of Dementia
FUCAS: Functional and Cognitive Assessment Test
GDS: Geriatric Depression Scale
IADL: Instrumental Activities of Daily Living scale
ICT: information and communication technologies
LLM: Long-Lasting Memories
MCI: mild cognitive impairment
MMSE: Mini-Mental State Examination
MoCA: Montreal Cognitive Assessment
PTC: Physical Training Control
RAVLT: Rey Auditory Verbal Learning Test
Trail B: Trail Making Test, Part B

https://www.jmir.org/2020/5/e14617

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 19
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Tsolaki et al

Edited by G Eysenbach; submitted 17.07.19; peer-reviewed by M Tsatali, F Lanfranchi; comments to author 27.08.19; revised version
received 19.10.19; accepted 15.12.19; published 07.05.20
Please cite as:
Tsolaki AC, Tsolaki M, Pandria N, Lazarou E, Gkatzima O, Zilidou V, Karagianni M, Iakovidou-Kritsi Z, Kimiskidis VK, Bamidis
PD
Web-Based Intervention Effects on Mild Cognitive Impairment Based on Apolipoprotein E Genotype: Quasi-Experimental Study
J Med Internet Res 2020;22(5):e14617
URL: https://www.jmir.org/2020/5/e14617
doi: 10.2196/14617
PMID: 32379048

©Anthoula C Tsolaki, Magda Tsolaki, Niki Pandria, Eftychia Lazarou, Olymbia Gkatzima, Vasiliki Zilidou, Maria Karagianni,
Zafiroula Iakovidou-Kritsi, Vasilios K Kimiskidis, Panagiotis D Bamidis. Originally published in the Journal of Medical Internet
Research (http://www.jmir.org), 07.05.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2020/5/e14617

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 5 | e14617 | p. 20
(page number not for citation purposes)

