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Abstract

INTRODUCTION: In a 5-year follow-up study, we investigated the enduring effects of

cognitive training on older adults withmild cognitive impairment (MCI).

METHODS: A randomized controlled single-blind trial involved 145 older adults with

MCI, assigned to cognitive training (MEMO+), an active control psychosocial interven-
tion, or a no-contact condition. Five-year effects were measured on immediate and

delayed memory recall, the Montreal Cognitive Assessment screening test (MoCA),

self-reported strategy use, and daily living difficulties.

RESULTS: At follow-up, participants who received cognitive training showed a smaller

decline in delayed memory and maintained MoCA scores, contrasting with greater

declines in the control groups. Cognitive trainingparticipants outperformedcontrols in

both delayed memory andMoCA scores at the 5-year time point. No significant group

differences were observed in self-reported strategy use or difficulties in daily living.

DISCUSSION: Cognitive training provides long-term benefits by mitigating memory

decline and slowing clinical symptom progression in older adults withMCI.

KEYWORDS

cognition, cognitive training, long-termbenefit, mild cognitive impairment, psychosocial interven-
tion

Highlights

∙ Cognitive training reduced the 5-year memory decline of persons withMCI.

∙ Cognitive training also reduced decline on the Montreal Cognitive Assessment

(MoCA).

∙ No intervention effect was found on strategy use or activities of daily living.
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1 INTRODUCTION

Alzheimer’s disease (AD) has a long prodromal phase, offering a

valuable opportunity to implement strategies aimedat slowing thepro-

gression of mild cognitive symptoms into dementia.1–3 Among these

strategies, cognitive training emerges as a promising approach to

counter cognitive decline in individuals withmild cognitive impairment

(MCI),4–7 many of whom find themselves in the prodromal phase of

AD. Cognitive training equips older adults with compensatory strate-

gies that mitigate the impact of cognitive difficulties in their daily lives.

Furthermore, it contributes to cognitive reserve, providing additional

protection against dementia.8–10

Studies have indicated that cognitive training can yield immediate

cognitive benefits in individuals with MCI.5,11–13 However, long-term

effects of cognitive training in this population and its efficacy inmitigat-

ing the progression of cognitive symptoms remain largely unknown. In

the context of normal aging, theACTIVE trial14 stands out as one of the

few studies that examined the long-term benefits of cognitive training,

including follow-up assessments up to 10 years post-intervention.15,16

Participants randomized to memory, reasoning, or processing speed

training outperformed a no-contact control group in the targeted cog-

nitive domains. Notably, those in the reasoning and processing speed

groups maintained superior performance 515 and 10 years16 post-

training. Nevertheless, the ACTIVE trial exclusively involved healthy

older adults, and to our knowledge, no study has assessed the long-

term benefits of cognitive training on cognition in individuals with

MCI beyond an 18-month follow-up.13 Demonstrating that cognitive

training can reduce symptom progression holds significant potential,

particularly in the absence of disease-modifying treatments. It could

serve as an accessible tool to support cognition in older adults at risk

of dementia.

Over the past 15 years, we have developed and validated the

MEMO+ program (Méthode d’Entrainement pour une Mémoire Optimale,

Training Method for Optimal Memory5,17,18). This program teaches

memory encoding strategies that utilize the remaining cognitive capac-

ities of individuals with MCI, helping them in compensating for their

everyday memory challenges. A prior randomized controlled trial

involving 145 older adults with MCI demonstrated the program’s

short-term efficacy in improving episodic memory, showing enhanced

delayed memory compared to a no-contact control group.5, while a

psychosocial intervention (active control) did not. Participants also

reportedusingmorememory strategies in daily life, asmeasuredby the

Multifactorial Memory Questionnaire-Strategies (MMQ).19 Enhanced

delayedmemory and strategy use effectswere still observed 6-months

post-intervention. Furthermore, increased activation in frontal, tem-

poral, and parietal brain regions was observed,18 suggesting enhanced

recruitment of both specialized and alternative brain regions.

Themain objective of the present studywas to assess the long-term

benefits of theMEMO+ cognitive training program. To accomplish this

objective, we contacted participants from the initial MEMO+ study 5

years after training. We conducted assessments focusing on delayed

memory, which was identified as the primary outcome sensitive to

MEMO+ training in the initial study. Additionally, we investigated

RESEARCH INCONTEXT

1. Systematic review: There is a paucity of published data

on the long-term effect of non-pharmacological interven-

tions, such as cognitive training.

2. Interpretation: Following a 5-year follow-up, individuals

with mild cognitive impairment who underwent cogni-

tive training exhibited significantly less memory decline

and outperformed the control groups on the Montreal

Cognitive Assessment (MoCA). No intervention effects

were observed on self-reported strategy use or difficul-

ties in instrumental activities of daily living at the 5-year

timepoint.

3. Future directions: Cognitive training shows promise

for providing long-term benefits to older adults with

mild cognitive impairment; however, larger studies are

needed, and efforts should focus on identifying those

who benefit and on developing approaches that facilitate

effective transfer.

potential maintenance of self-reported difficulties in activities of daily

living (ADL), of global cognition with the Montreal Cognitive Assess-

ment (MoCA)20 and of strategy use with the MMQ questionnaire.

Given that the participants had MCI at study entry, we hypothesized

that there would be a decline in delayed memory and MoCA scores at

the 5-year follow-up, along with an increase in self-reported difficul-

ties in ADL. However, we anticipated a significant Intervention × Time

interaction, indicating that participants randomized to the MEMO+
program would exhibit less memory decline and fewer self-reported

difficulties inADL than those in theno-contact condition. Furthermore,

we expected MEMO+ participants to continue reporting greater use

of memory strategies on the MMQ than participants in the no-contact

condition. Finally, based on the hypothesis that cognitive training has a

protective effect, we anticipated thatMEMO+ participants would bet-

termaintain their performance on theMoCA compared to participants

in the no-contact condition.

2 METHODS

2.1 Design and participants

The MEMO+ is a multicenter, randomized controlled clinical trial

(for details, see Refs.5,21). Participants were recruited from memory

clinics between April 2012 and April 2015 across two Canadian

sites (Montreal and Quebec City). At the study onset, participants

were older adults meeting the clinical criteria for amnestic single or

multiple domain MCI (i.e., a self-reported memory complaint and an

objectivememory deficit, defined as performance at least 1.5 standard

deviations (SD) below the average level of same-age peers without
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TABLE 1 Participants’ demographic and clinical characteristics for themITT and POST5y sample.

Cognitive training Psychosocial intervention No-contact

mITT

(N= 40)

POST5y

(N= 17)

mITT

(N= 43)

POST5y

(N= 21)

mITT

(N= 44)

POST5y

(N= 21)

p value for group
effect at POST5y

Age PRE: mean year (SD) 71.3 (8.5) 71.2 (8.2) 72.1 (6.7) 72.1 (7.4) 73.1 (6.5) 70.9 (6.5) 0.85

Sex: male, female 20, 20 6, 11 19, 24 10, 11 18, 26 11, 10 0.56

Education: mean year (SD) 14.5 (4.2) 14.7 (3.8) 14.7 (3.5) 15.1 (4.0) 14.8 (3.8) 16.6 (3.5) 0.25

MoCA

PRE: mean score (SD)

24.1 (3.0) 24.8 (2.5) 25.0 (2.7) 25.1 (3.2) 24.2 (3.3) 26.0 (2.3) 0.35

Genotype APOE4a: number

with at least one allele (%)

8/17 (47.0%) 5/21 (23.8%) 6/21 (28.6%) 0.25

Note: mITT: modified-intention-to-treat: participants who participated in at least one of the post-intervention assessments. POST5y: participants who

returned for the 5-year assessment.

Abbreviations:MoCA,Montreal cognitive assessment; PRE, pre-intervention; SD, standard deviation.
aGenotype data available for a subset of participants tested at POST5y.

adjustment for education) with or without additional deficits on

non-memory tests but without evidence of dementia.22 Before ran-

domization, a standard clinical and neuropsychological assessment

was performed to characterize the participants and determine their

eligibility based on inclusion and exclusion criteria (Table 1 and

Refs.5,21).

Participants were randomly assigned to one of three interven-

tion groups: cognitive training, psychosocial intervention (active con-

trol), or no-contact condition. Over a 2-month period, participants

underwent eight 120-min weekly training sessions. Assessments were

conducted at several time points: pre-intervention (PRE), 1-week post-

intervention (POST), 3-months post-intervention (POST3m), 6months

post-intervention (POST6m), and 5 years post-intervention (POST5y).

The initial study was registered (NCT01448148). The current study

was conducted in accordance with the Declaration of Helsinki

and approved by the Research Ethics Board (REB) vieillissement-

neuroimagerie of the CIUSSS-CSMTL (#11-12-017), and the Quebec

City REB (approval #282-2011).

2.2 Interventions

Both the cognitive and psychosocial interventions comprised eight 2-h

small-group sessions (refer to the appended material for rationale and

detailed description). The cognitive intervention focused on teaching a

set ofmemory strategies (i.e., visual imagery,method of loci, face-name

association, semantic organization) and attention control strategies

using the MEMO+ program.5,21 This intervention was designed to

develop self-efficacy and metacognition, both recognized as influen-

tial factors in older adults’ ability to acquire and apply new knowledge.

It also provided guidance on integrating these learned strategies into

daily life, incorporating at-home exercises to facilitate their applica-

tion to real-world situations. The psychosocial intervention aimed to

improve overall psychological well-being through a program based on

the cognitive-behavioral approach. It encompassed techniques such

as behavioral activation, cognitive restructuring, anger and stress

management, and problem-solving tailored to daily-life.

Both interventions included homework, and participants attended

a booster session approximately 1week after the POST3massessment

to reviewpreviously learnedprocedures and strategies. For ethical rea-

sons, an abbreviated four-hour version of theMEMO+ program (short

MEMOor sMEMO)was offered as an option to participants in both the

active control and no-contact conditions within a year following the

study’s conclusion. Further details regarding the analyses and results

concerning the effect of sMEMO are available in the Supplementary

Material S1.

2.3 Outcome measures

For the POST5y assessment, we included a subset of the initial

outcome measures to reduce participant burden while optimizing par-

ticipation rates. This assessment had a duration of 30–40min.Memory

was measured using a 12-word list recall task, where words were visu-

ally and simultaneously presented for a 2-min study period. Immediate

and delayed recalls were performed after a 30-s and a 10-min delay,

respectively, duringwhichnon-interfering taskswereperformed.How-

ever, the analysis focused on delayed recall, as it exhibited an effect

in the original study5 and delayed recall is also a more sensitive mea-

sure of MCI progression to dementia compared to immediate recall.23

Self-assessment of instrumental ADL was conducted using the Activi-

ties of Daily Living—Prevention Instrument questionnaire (ADL-PI),24

which included questions about difficulties encountered while per-

forming complex activities such as driving, cleaning, and cooking. The

integration of strategies into daily life was evaluated through the

MMQ, where participants rated their use of memory strategies in real-

world situations. General cognitive performance and clinical status

were measured using the MoCA, a concise screening tool designed

to assess various cognitive domains, including memory, attention,

language, reasoning, and visuo-spatial abilities.
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2.4 Consent statement

All human subjects provided informed consent for their participation in

this study.

2.5 Statistical analysis

All statistical tests were two-tailed with statistical significance

determined as a p value < 0.05. Effect sizes were provided when

relevant.

Groupdifferences (cognitive training, psychosocial intervention, no-

contact) in terms of age, education, and MoCA score at baseline were

assessed using per-protocol data with one-way ANOVA. Group dif-

ferences for sex were analyzed using a χ2 test. We also examined

the socio-demographic characteristics of participants tested in the

POST5y assessment and compared them with those who were not

assessed (shown in appendedmaterial).

To assess the intervention effects, a modified intention-to-treat

(mITT) analysis was conducted using linear mixed-models (LMM) in all

individuals tested at baseline who participated in at least one of the

post-intervention assessments (POSTx; n = 127). The model included

Time (PRE, POST, POST3m, POST6m, POST5y), Group (cognitive

training, psychosocial intervention, no-contact) as fixed factors, as well

as Time X Group interaction, and participant as a random effect. The

LMM only included a random intercept as the addition of a random

slope (after testing various covariance structures) did not improve the

model. Control variables included years of education, sex, baseline,

age, and MoCA score, without interaction terms. As the MoCA was

not assessed at POST6m (to reduce repetition effects), the Time

effect was modeled for PRE, POST, POST3m, and POST5y for this

variable.

Time effects at any post-intervention time point for the cognitive

training and psychosocial intervention groupswere extracted from the

LMM and calculated by comparing mean improvement from PRE to

POSTx, with that of the no-contact group. We also computed Cohen’s

d effect sizes and their 95% confidence interval (CI)25 to quantify

the mean difference between one of the intervention groups and the

no-contact group.16

To determine the proportion of participants exhibiting reliable

change at POST5y in each group for each outcome, we used the stan-

dard error of measurement (SEM),26,27 a statistical tool previously

utilized in training studies.14,16 Thresholds for reliable improvement

and deteriorationwere set at 0.66 SEM and−0.66SEM, respectively.16

In essence, an individual’s POST5y score for a given outcome was

considered improved compared to the PRE score if their difference

equaled or exceeded the 0.66 SEM value. Conversely, if this difference

was equal to or lower than the−0.66 SEMvalue, thePOST5y scorewas

deemed deteriorated relative to the PRE score. Subsequently, using

a z-test, we assessed whether the proportion of participants showing

reliable improvement or reliable deterioration differed in the cognitive

training group compared to the psychosocial intervention group and

no-contact group.

Given our interest in calculating the net effect of the training 5

years after its completion, and acknowledging results published from

prior assessments, we primarily focused on the POST5y training effect

unless otherwise specified.

3 RESULTS

3.1 POST5y sample characteristics

Out of the initial 127 mITT participants, we successfully contacted

89 individuals (38 were unreachable). Among those contacted, 59

agreed to participate in the POST5y assessment (59/127: 46.5%) (see

Figure 1 for participant flow-chart and reasons for drop-out). Notably,

most participants who did not return for the 5-year assessment were

unreachable. Table 1 provides an overview of the characteristics of

both the initial mITT sample and the POST5y sample. On average,

participants completed the POST5y assessment 57 ± 9 months after

finishing their initial training. Of the 59 POST5y participants, 17 were

from the cognitive training group, 21 from the psychosocial interven-

tion, and 21 from the no-contact group. Baseline characteristics were

similar across all groups, as shown in Table 1. When comparing the

baseline characteristics of participants who returned for the POST5y

assessment to those who did not (see appended material), we found

them to be largely comparable, with the exception of education, which

was slightly higher among those who returned. It is worth noting

that education is one of the variables controlled for in statistical

analyses. Seventeen participants from the psychosocial intervention

and 16 from the no-contact group had completed the sMEMO training

(Figure 1).

3.2 Memory

Figure 2A shows performance on the delayed memory score at the 5

time points. The LMM analysis for the delayed memory score revealed

no significant effect of Group, F(2,123.9) = 2.5, p = 0.08, but indicated

a significant effect of Time, F(4,400.4) = 17.4, p < 0.001, as well as a

Group × Time interaction F(8,400.5) = 3.4, p < 0.001. Compared to

the no-contact group, the cognitive training group exhibited a signifi-

cant improvement in the delayed memory score from PRE to POST3m

(mean change = 0.9, p = 0.04, d = 0.37, 95% CI [0.01, 0.73], POST6m

(mean change = 1.6, p < 0.001, d = 0.65, 95% CI [0.30, 1.01]), and

POST5y (mean change = 1.6, p = 0.004, d = 0.68, 95% CI [0.22, 1.15],

with a medium effect size observed at POST 5y (Table 2). No change

was observed for the psychosocial intervention at any time point. For

reference, a significant decrease in the delayed memory score from

PRE to POST5y was observed in the no-contact group (p < 0.001;

d=−0.69, 95%CI [−1.01,−0.38]).
At POST5y, a reliable improvement in the delayed memory score

was observed in 52.9% of participants from the cognitive training

group, a proportion significantly higher than that found in both the

psychosocial group (19.0%, z = 2.2, p = 0.029) and no-contact group
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F IGURE 1 Flow diagram. The flow diagram shows the participant’s progress throughout the trial. POST, post-intervention; POST3, 3months
post-intervention, POST6, 6months post-intervention, POST5y, 5 years post-intervention; PRE, pre-intervention.

(19.0%, z = 2.2, p = 0.029) (Table 2). A reliable deterioration was

observed in 23.5% of participants from the cognitive training group,

which was comparable to the psychosocial group (28.6%, z = 0.4,

p=0.73), but lower than theno-contact group (47.6%, z=1.5, p=0.12).

3.3 Instrumental ADL

Figure 2B shows the ADL-PI scores. The LMM indicated a significant

effect of Time, F(4,394.4) = 5.2, p < 0.001, but no significant effect

of Group, F(2,123.9) = 0.8, p = 0.44, or Time × Group interaction,

F(8,394.5) = 1.1, p = 0.34. ADL-PI scores were generally lower at

POST5y compared to baseline, irrespective of the intervention type

(Figure 2B, Table 2).

Approximately 18.8%of cognitive training group participants exhib-

ited reliable ADL-PI score improvement, a proportion which did not

statistically differ from the psychosocial intervention group (9.5%,

z = 0.8, p = 0.41) and no-contact group (28.6%, z = 0.7, p = 0.49)

(Table 2).Within the cognitive intervention group, 62.5%displayed reli-

able deterioration at POST5y, a proportion similar to the psychosocial

intervention group (42.9%, z=1.2, p=0.24) and the no-contact control

group (42.9%, z= 1.2, p= 0.24).

3.4 Memory strategy use

Scores on the memory strategy use are presented in Figure 2C. The

LMM showed no effect of Time, F(2,393.2)= 1.7, p= 0.1, but did reveal
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F IGURE 2 Outcomemeasures as a function of time and intervention group.Mean scores (±SEM) obtained on (A) delayedmemory recall, (B)
instrumental activities of daily living (ADL-PI), (C) strategy use in daily life (MMQ), and (D)MoCA. The number of participants who completed the
test for a given outcome is indicated on the x-axis at each time point (PRE, POST, POST3m, POST6m, POST5y). The bold letter “B” indicates when
the booster was provided (1 week following the 3-month assessment). The bold acronym “sMEMO” signifies when the short optional cognitive
training was offered to participants from the psychosocial intervention and the no-contact group (about 1 year following the 6-month assessment).
In (A), higher scores indicate better performance (range 0–12). In (B) and (C), higher scores indicate better self-reported ability to perform
instrumental activities of daily living (range 0–45) and greater self-reported use of memory strategies in daily life (range 0–96), respectively. In (D),
higher scores indicate better general cognitive performance (range 0–30). POST, post-intervention; POST3m, 3-month post-intervention;
POST6m, 6-month post-intervention; POST5y, 5-year post-intervention; PRE, pre-intervention.

a significant effect of Group, F(2,122.7) = 3.4, p = 0.04, and Time X

Group interaction F(8,393.2) = 4.4, p < 0.001. Compared with the no-

contact group, cognitive training induced a significant improvement

of the MMQ score from PRE to POST (mean change = 4.8, p = 0.04,

d=0.36, 95%CI [0.01,0.71]) andPOST6m(meanchange=5.5,p=0.02,

d = 0.42, 95% CI [0.06, 0.78]), while the improvement was not signifi-

cant at POST3m (mean change= 4.6, p= 0.06, d= 0.35, 95%CI [−0.02,
0.72]). However, the improvement observed in the cognitive training

group compared to the control group was no longer found at POST5y

(mean change = −3.2, p = 0.30, d = −.28, 95% CI [−0.80, 0.24]), as
strategy use slightly decreased in the cognitive training group while

it increased in the control groups. It is worth noting that no signifi-

cant changewas observed in the psychosocial intervention group from

PRE to any POST time points, except for a decrease from PRE to POST

(mean change=−5.0, p= 0.03, d=−0.38, 95% CI [−0.71,−0.04]). Fur-
thermore, no significant change was observed from PRE to POST5y in

the no-contact group.

A reliable improvement inMMQwas found in 29.4% of participants

from the cognitive training group, while 29.4% of them experienced

a decline. These percentages are not statistically different from

those seen in the psychosocial intervention group (38.1% for both

improvement and decline, z = 0.6, p = 0.57) and no-contact control

group (28.6% for both improvement and decline, z = 0.1, p = 0.96)

(Table 2).

3.5 Clinical measure: MoCA

Figure 2D shows performance on theMoCA. The LMM showed no sig-

nificant effect of Group, F(2,124.8) = 1.5, p = 0.23, but it did identify

a significant effect of Time, F(3,291.4) = 7.9, p < 0.001, and a Group ×
Time interaction, F(6,291.4)= 2.5, p= 0.02.

When compared with the no-contact group, cognitive training

exhibited no significant difference from PRE to POST (p = 0.17) and

POST3m (p = 0.18). However, there was a significant increase from

PRE to POST5y (mean change = 1.6, p < 0.001) with a large effect size

(d = 0.96, 95% CI [0.43, 1.49]) (Table 2). In the psychosocial interven-

tion group, no significant change was observed from PRE to any POST

time points. As a reference, we observed a significant decrease of the

MoCA score from PRE to POST5y in the no-contact group (p < 0.001;

d=−0.74, 95%CI [−1.10,−0.38]).
The proportion of participants demonstrating reliable improvement

on the MoCA at POST5y in the cognitive training group was 35.3%,

a proportion that was not significantly different from that observed
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TABLE 2 Effect of interventions on proximal and distal outcomes.

Cognitive training

Psychosocial

intervention

(active control) No-contact

Delayedmemory recall (possible range 0–12)

Mean score at baseline provided by the LMM (SD) 3.7 (2.5) 3.7 (2.5) 3.7 (2.5)

Mean change from PRE to POST5ya 1.6 (p< 0.01) 0.7 N/Af

Effect size relative to no-contact (95%CI)b 0.68 [0.22, 1.15] 0.29 [−0.17, 0.74] N/Af

Reliable improvement %c,d (p for significance difference with cognitive training) 52.9 19.0 (p< 0.05) 19.0 (p< 0.05)

Reliable deterioration%c,e 23.5 28.6 47.6

Complex activities of daily living (possible range 0–45)

Mean score at baseline provided by the LMM (SD) 38.9 (5.1) 39.4 (5.1) 37.6 (5.2)

Mean change from PRE to POST5ya −1.1 −1.5 N/Af

Effect size relative to no-contact (95%CI)b −0.18 [−0.55, 0.19] −0.22 [−0.76, 0.32] N/Af

Reliable improvement %c,d 18.8 9.5 28.6

Reliable deterioration%c,e 62.5 42.9 42.9

Strategy use in daily life (possible range 0–96)

Mean score at baseline provided by the LMM (SD) 44.4 (13.3) 43.6 (12.9) 40.0 (13.3)

Mean change from PRE to POST5ya −3.2 2.1 N/Af

Effect size relative to no-contact (95%CI)b −0.25 [−0.72, 0.22] 0.17 [−0.29, 0.62] N/Af

Reliable improvement %c,d 29.4 38.1 28.6

Reliable deterioration%c,e 29.4 38.1 28.6

MoCA (possible range 0–30)

Mean score at baseline provided by the LMM (SD) 24.1 (3.3) 25.0 (3.3) 24.2 (3.3)

Mean change from PRE to POST5ya 3.0 (p< 0.001) 0.4 N/Af

Effect size relative to no-contact [95%CI]b 0.96 [0.43, 1.49] 0.14 [−0.36, 0.65] N/Af

Reliable improvement %c,d 35.3 23.8 14.3

Reliable deterioration%c,e (p for significance differencewith cognitive training) 17.6 38.1 57.1 (p= 0.02)

Abbreviations: CI, confidence interval; LMM, linear mixedmodel; PRE, pre-intervention; POST5y, 5 years post-intervention; SD, standard deviation.
aMean change from PRE to POST5y is defined as (groupmean—control mean at POST5y)—(groupmean—control mean at PRE).
bPositive effect size indicates improvement.
cp values are representedwhen significant differences were found between cognitive training, psychosocial intervention or no-contact condition.
dCalculated as the percentage of participants in each groupwhowere≥0.66 SEM.
eCalculated as the percentage of participants in each groupwhowere≤−0.66 SEM.
fThe mean change from PRE to POST5y for the no-contact group is 0, as mean change is defined as (group mean—no-contact mean at POST5y)—(group

mean—no-contact mean at PRE).

in both the psychosocial intervention group (23.8%, z = 0.8, p = 0.44)

and no-contact group (14.3%, z = 1.5, p = 0.13) (Table 2). In the

cognitive training group, a reliable deterioration of the MoCA score

was observed in 17.6% of participants, a figure that was not signifi-

cantly different from that observed in the psychosocial intervention

group (38.1%, z = 1.4, p = 0.17), but lower than that measured in the

no-contact group (57.1%, z= 2.5, p= 0.01).

4 DISCUSSION

The aim of this study was to evaluate the 5-year impact of cognitive

training in older adults with MCI. As anticipated, individuals with MCI

exhibited declines in delayed memory, activities of daily living, and

global cognition 5 years after the end of the intervention. Notably,

an Intervention × Time interaction effect was observed for mem-

ory and global cognition: Participants who received cognitive training

experienced a mitigated decline in memory, and their global cognition

remained stable.Wewill now discuss each of these effects.

The LMM revealed a significant improvement in delayed memory

performance from baseline to year 5 in the cognitive intervention

group, with a medium effect size. Furthermore, the improvement in

delayed memory recall observed 6 months after participants had com-

pleted cognitive training was still evident 5 years later. While there

was a slight reduction in the cognitive training benefit at the 5-year

mark, delayed memory remained higher than baseline in the cognitive
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training group compared to the no-contact condition. None of these

effects were observed following the psychosocial intervention, con-

firming that the long-term benefit is specifically attributable to the

cognitive intervention. Additionally, a larger proportion of participants

from the cognitive training group exhibited reliable improvement16 in

delayedmemory frombaseline to year 5, compared to the psychosocial

and no-contact groups.

One remarkable finding in our studywas the sustainedmaintenance

ofMoCAscores amongparticipants in the cognitive training groupover

the 5-year period. The LMM indicated a significant increase in MoCA

scores from baseline to year 5, with a large effect size. These results

were not observed in participants from the psychosocial intervention

group. Moreover, the cognitive training group demonstrated a signifi-

cantly lower rate of reliable deterioration compared to the no-contact

group, indicating reduced vulnerability to clinical decline in the former.

While a few studies have shown post-training improvement in MoCA

scores following cognitive or multimodal training in individuals with

MCI,28–32 none of them conducted follow-ups beyond 9 months post-

intervention. Given the recognition of the MoCA as a clinical measure,

these findings suggest that the cognitive training program may hold

promise in delaying the progression of clinical symptoms. This under-

scores the potential of cognitive training as a preventive approach for

cognitively vulnerable older adults, potentially delaying the onset of

dementia.

As expected, individuals with MCI exhibited a significant decline in

their self-reported ability to perform daily activities. Importantly, this

decline was similar for both cognitive training and control groups, sug-

gesting that cognitive training had no impact on this aspect. While

we did not observe an effect at the 6-month mark as reported in our

previous study,5 we had anticipated that cognitive trainingmight influ-

ence the increasing difficulties in performing complex daily tasks over

the long-term follow-up. However, this expectation was not met. It is

possible that the ADL-PI measure used here may not effectively cap-

ture the benefit of learned strategies or may lack sensitivity to subtle

differences. Alternatively, the training benefitmay not transfer to com-

plex daily activities, which rely on multiple cognitive abilities and the

context of use.16,33

The initial post-training increase in self-reported use of strategies

in daily life was not maintained at year 5 when compared to the con-

trol conditions. This phenomenon could be attributed to an effect of

the short version of MEMO program, which was offered for ethical

reasons to participants randomized to the active or no-contact condi-

tions. Interestingly, theMMQscores of the partwho received the short

version of the cognitive training program appeared to increase from

POST6m to POST5y (see SupplementalMaterials S2).

The present study has several limitations. Our sample size was rel-

atively small for the 5-year time point, with only 46.5% of the original

sample completing the assessment. This lower participation rate may

be attributed to the fact that the follow-up was not originally planned.

Additionally, the decision to use a smaller set of tasks in comparison

to the short-term study might have resulted in the exclusion of poten-

tially valuable data. To optimize information content while minimizing

participant burden, we focused on tasks that either displayed signifi-

cance in the initial study (delayed memory, MMQ) or were anticipated

to show decline during long-term follow-up (MoCA and ADL). For sta-

tistical reasons, the change values of the cognitive training group were

only compared to the no-contact group. There is a possibility that indi-

viduals who did not return for the follow-up assessment experienced a

greater decline compared to those who did. Finally, we offered a short

version of the MEMO program to participants from the control con-

ditions. While this did not result in an effect on delayed memory or

the MoCA, it might have encouraged participants to use internal and

external memory strategies.

In summary, this study is the first evidence of the enduring, long-

term benefits of cognitive training on delayed memory recall and on

a clinical global measure of cognition in individuals with MCI. The

observed 5-year maintenance of these cognitive training effects is

of paramount significance for managing MCI, a condition associated

with declining autonomy and diminished quality of life. Furthermore,

it is noteworthy that these enduring effects were achieved through a

relatively brief, cost-effective intervention that can be readily imple-

mented as a preventive measure for at-risk individuals.34,35
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