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Abstract

Introduction:We investigated whether cognitive function improves in elderly individ-

uals after Application-based Cognitive Training at Home (ACTH) for 12months.

Methods: A total of 389 non-demented elderly volunteers aged over 60 years were

recruited and randomly assigned to the intervention or control group. The interven-

tion group underwent daily ACTH (with regular feedback from the administrator) and

monthly offline cognitive training in groups for 12 months. All participants received a

computerized cognitive test battery called Inbrain Cognitive Screening Test (Inbrain-

CST) at baseline and6and12months. Theprimaryoutcomewas the change in the total

composite score of Inbrain-CST, and secondary outcomes included changes in compos-

ite scores in five cognitive domains of Inbrain-CST.

Results: The intervention group outperformed the control group in terms of the total

score (P = .001) and subscores of language (P < .001) and memory (P < .001) domains

at 12months.

Discussion: ACTH improved global cognition in community-dwelling non-demented

elderly individuals.
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1 INTRODUCTION

Cognitive decline and dementia have been increasingly considered

important public health concerns. As there are no curable treatments

for dementia, which is most commonly attributed to Alzheimer’s dis-

ease (AD), numerous types of interventions that could help maintain

cognition in cognitively healthy elderly individuals have been exam-

ined.Cognitive training interventionshavebeen tested in termsof their

effectiveness toprevent cognitivedecline, becausemental activity con-
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tributes to cognitive reserve1,2 and thus reduces the risk of dementia

development.

Indeed, many studies have demonstrated the positive effect of cog-

nitive interventions on cognition.3 However, previous studies, includ-

ing Advanced Cognitive Training for Independent and Vital Elderly

(ACTIVE), oneof the largest randomizedcontrolled trials (RCT), applied

interventions in a small group setting by a certified trainer.4–6 Fur-

thermore, these intervention programs were limited due to money,

time, and space requirements in real clinical circumstances. From this
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perspective, home-based cognitive interventions may be an alterna-

tive strategy because of their feasibility. In fact, one previous RCT from

Korea revealed that cognition in patients with amnestic mild cognitive

impairment (MCI) improved significantly after12weeksofhomecogni-

tive intervention.7 Although that study suggested the efficacyof home-

based cognitive intervention, this type of intervention still requires

paper-and-pencil materials and it is difficult to monitor compliance of

all participants. Another famous RCT of multidomain intervention to

prevent cognitive decline (the Finnish Geriatric Intervention Study to

Prevent Cognitive Impairment andDisability [FINGER] study)8 applied

personal computer-based training at home; however, this may not be

practical because many elderly individuals in Korea do not use com-

puters at home. In addition, most previous studies, except the FIN-

GER study, provided cognitive intervention for a relatively short period

of time (maximum 6 months).3 Cognitive intervention would be more

effective if it could be of longer duration, according to the hypothesis

that positive effects of interventionmay accumulate to increase cogni-

tive reserve and enhance brain plasticity.1,9 Therefore, an easily acces-

siblewayof cognitive training should bedeveloped and tested in a large

cohort of elderly individuals.

Here, we investigated the effectiveness of smartphone application-

based cognitive intervention (with monthly group cognitive training

and encouragement for lifestyle modification as an ancillary program)

for 1 year in community-dwelling non-demented elderly individuals.

More specifically, 30-minute digitally designed homework per day was

delivered via smartphone, 5 times per week for 1 year and participants

responded via smartphone. It was, therefore, possible for investiga-

tors to monitor the daily performance of participants. The number of

smartphone users is increasing even among the elderly population, and

it has become an important part of daily life. Smartphone applications

are commonly used by elderly individuals and are easily accessible any

time, which led to increased compliance in the study. Therefore, if this

study proves positive effects on cognitive improvement, it may help

health-care providers plan future cognitive intervention programs on

a community basis.

2 METHODS

2.1 Study design

This Application-based Cognitive Training at Home (ACTH) study was

a single-center, randomized, single-masked, and parallel group study

with the aim to investigate the effect of smartphone application-based

cognitive training on cognition in community-dwelling elderly individu-

als. This study was conducted between March 2018 and August 2019

at GangnamDementia Center in Seoul, South Korea. This trial was reg-

istered at “ClnicalTrials.gov” as NCT03494699.

2.2 Participants

We recruited community-dwelling non-demented volunteers at Gang-

nam Center for Dementia in Seoul, South Korea. This public facility

RESEARCH INCONTEXT

1. Systematic Review: The authors reviewed the stud-

ies archived in PubMed to investigate the benefit of

cognitive intervention and to identify previous trials in

which mobile application-based cognitive training was

used. While some large randomized controlled trials

(RCTs) have reported the benefits of cognitive interven-

tion, there have been no RCTs that used a mobile-phone

application for cognitive training.

2. Interpretation: This RCT, which included 387

community-dwelling elderly individuals, showed that

global cognition improved after smartphone Application-

based Cognitive Training at Home (ACTH) intervention

was provided for 12 months. Thus, our study suggested

that smartphone applications can be efficiently used as

tools of cognitive training.

3. Future Directions: This study provides evidence for clin-

icians to prescribe ACTH for the prevention of dementia;

ACTH is more advantageous than conventional pencil-

and-paper or computer-based cognitive training because

smartphones have become an indispensable part of

daily life. Additional studies may (1) identify the popula-

tions likely to benefit the most and (2) evaluate the struc-

tural or functional brain changes associated with ACTH.

HIGHLIGHTS

∙ We investigated effects of smartphone App-based Cogni-

tive Training at Home (ACTH).

∙ 30-min digitally designed homework was delivered via

smartphone daily for 1 year.

∙ This randomized trial demonstrated that ACTH improves

cognition in normal elderly.

focuses on integrated dementia management by providing services

including early screening, dementia prevention education, cognitive

rehabilitation programs, and treatment support.

The following inclusion criteria were applied: (1) individuals ≥60

years old; (2) literate with education years of 6 or higher; (3) Korean

version of Mini-Mental State Examination (K-MMSE) score >2310; (4)

preserved activities of daily living (ADL), as defined by Korea Instru-

mental ADL ≤511; (5) no major neurological and psychiatric disorders

affecting cognition or diagnosis of dementia; and (6) personal Android

smartphone users for the purpose of using cognitive training applica-

tion. Participants with the following conditions were excluded from

the study: (1) major cardiovascular events such as stroke ormyocardial

infarction in the past 3 months, (2) severe or unstable medical disease
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(with expected life expectancy <2 years) that could interfere with

successful study completion; (3) severe hearing difficulty or visual

disturbance, (4) limitation in communication,; (5) previous dementia

diagnosis, (6) plan for immigration or moving within 1.5 years after

study enrolment, (7) finished cognitive training session in this center

within 6months of study enrolment.

Written informed consent was acquired from all participants and

the study protocol was approved by the Institutional Review Board of

the SamsungMedical Center (IRBNo. 2018-02-050)

2.3 Randomization

Consecutively recruited participants were randomly assigned to the

intervention or control group. Randomization was stratified accord-

ing to age (three age categories, ≥60 and <70, ≥70 and <80, and

≥80) and sex in a 1:1 ratio. Details are described in the supporting

information.

2.4 Intervention

The intervention group experienced comprehensive multidisciplinary

intervention, mainly focusing on cognitive training using a smartphone

application at home. The intervention consisted of the following pro-

tocol: (1) four education sessions (2 hours for 4 days) at the beginning

of the study; (2) ACTH, 5 days per week for 12 months; (3) lifestyle

monitoring of participants via questionnaires on smartphones that

appeared 4 times a week before they started the ACTH; and (4) a 90-

minute face-to-face cognitive intervention in groups of 5 to 10 people,

monthly for 12months.

First, the initial education sessions were modified from the educa-

tional program that had already been included in the regular service of

Gangnam Center for Dementia. It comprised a lecture about demen-

tia, lifestyle management related to cognitive health,12 and a demo-

version of group cognitive intervention.

Second, the ACTH used a smartphone cognitive training applica-

tion named Inbrain-Trainer that included a total of 10 cognitive training

tasks that covered six cognitive domains. Inbrain-Trainer is described in

detail in https://www.midasit.com/img/part/inbrainTrainer_2018.pdf

andTable S1 in supporting information. Under the supervision of a neu-

ropsychologist, the clinical trial coordinator assigned homework con-

sisting of two sets of three different cognitive domain tasks per day,

5 days per week, for 12 months. Participants could complete the daily

homework in ≈20 to 40 minutes. Attendance, time duration that par-

ticipants spent doing the homework, and their scores were automat-

ically sent to the administration’s website; therefore the instructor

could monitor performance and compliance of all participants in this

study.

Third, regarding lifestyle monitoring via smartphone, when partici-

pants logged in to the homework session, they completed a short ques-

tionnaire about their lifestyles. Participants’ responses were also sent

to the administration’s website, and research assistants called partic-

ipants biweekly to encourage moderation in drinking, healthy diets,

smoking cessation, and exercise.12

Fourth, the monthly offline cognitive intervention in groups aimed

to guide individual application-based training and check progress in

homework. The number of participants per group was 5 to 10, with a

maximum number of 12 participants per group. Detailed explanation

of the studymethod is described in the supporting information.

2.5 Outcomes

Cognitive assessments and administration of self-reported question-

naires were conducted at baseline, 6 months, and 12 months after

completion of the 12-month intervention. Cognition was assessed by

two independent psychometricians who were blinded to participants’

interventions, using a tablet-based cognitive test battery called Inbrain

Cognitive Screening Test (Inbrain-CST, Table S2 in supporting informa-

tion) developed by MIDAS IT and Samsung Medical Center. Inbrain-

CST consisted of tests for five cognitive domains. The composite score

for each cognitive domainwas calculatedbasedonmultiple factor anal-

ysis (MFA).13

The primary outcome measure was the total composite score of

Inbrain-CST. Secondary cognitive outcomemeasures included compos-

ite scores for five cognitive domains on Inbrain-CST and scores for

individual memory tests including immediate recall, delayed recall, and

recognition scores.Other secondary outcomemeasures includedmod-

ified versions of Multifactorial Memory Questionnaire (MMQ) sub-

scales for satisfaction, ability, and strategy; Prospective andRetrospec-

tiveMemoryQuestionnaire (PRMQ);14,15 short versionof theGeriatric

Depression Scale (GDS15); Geriatric Anxiety Inventory (GAI);16,17 Per-

ceived Stress Scale (PSS); brief version of World Health Organization

Quality of Life (QOL) assessment questionnaire (WHOQOL-brief);18,19

and a questionnaire about cognitive healthy behaviors including (1)

physical activity (0 to 20), (2) cognitive activity (0 to 20), and (3) social

activity (0 to 20). Details of these questionnaires are described in Table

S3 in supporting information.

2.6 Statistical analysis

An experienced statistician (S.K.) calculated the sample size based

on the results from a previous pilot study recruiting 26 normal con-

trols who scored 59.5 ± 10.7 as total composite score on Inbrain-CST.

We conservatively assumed that the correlation coefficient between

scores at baseline and at 12 months was 0. Under the hypothesis that

the standard deviation of scores (at baseline or 12 months and in the

control or intervention group) was 15, and the difference between

changes of total score (from baseline to 12 month) of the two groups

was five, 142 participants were required for each study group with a

significance level set at 0.05 and with a power of 80% to detect a sig-

nificant difference. Assuming a dropout rate of about 30% based on a

previous cognitive intervention study in Korea,7 the final sample size

was calculated as 400, with 200 participants per group.

https://www.midasit.com/img/part/inbrainTrainer_2018.pdf
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F IGURE 1 Enrolment, randomization, and follow-up. CST, Cognitive Screening Test

All analyses were based on intention-to-treat analyses. The main

analysis included a comparison of the change in the primary outcome

measure from baseline to 12 months between the intervention and

control groups. We also compared the change in the primary outcome

measure from baseline to 6months between the intervention and con-

trol groups. Secondary analyses included comparison of the change in

all secondary outcome measures from baseline to 6 months and from

baseline to 12 months between the intervention and control groups.

We used linear mixed-model analysis to address the issue of missing

data. Fixed effects included baseline age; education years; sex; group

(intervention vs. control); visit (baseline, 6, and 12 months), which was

considered a categorical variable; and group-by-visit interaction. We

used a random-effects model to explain repeated measures within

patients. All tests of effects were conducted at a two-sided alpha of

0.05. All statistical analyses were performed using STATA version 15.0

(Stata Corporation).

3 RESULTS

3.1 Participants’ flow, adherence to interventions,
and background characteristics

Atotal of 1916elderly dwellers inGangnam-guwere screened for eligi-

bility in this study, and finally, 387participantswere randomly enrolled.

Figure 1 shows the flow from screening to follow-up of study partic-

ipants. A total of 195 participants were assigned to the intervention

group, and 192 participants were assigned to the control group. After

withdrawal fromconsent, loss to follow-up, discontinuation due to pro-

tocol violation (because of moving or medical illness), or death, 302

participants (77%) completed the 1-year intervention program. Among

them, final Inbrain-CST data from three participants were missing or

incompletely obtained. Therefore, primary outcome measures were

available for 136 (69.7%) individuals from the intervention group and
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F IGURE 2 Changes in cognitive outcome at 6 and 12months of cognitive intervention (red, intervention group; blue, control group)

for 163 (84.9%) from the control group. The average task performance

rate on the application (performed task/total homework task) through-

out the study period was 83.8% for 136 participants. The mean num-

ber of offline sessions that each volunteer participated in was 10.4/12.

Baseline characteristics were balanced between the intervention and

control groups, as therewere no significant differences in age, sex, edu-

cation, comorbidities, cognitive scores, and scores on depression and

anxiety scales (Table 1).

3.2 Intervention effects on cognitive performance

The effect of the intervention on cognitive outcomemeasures is shown

in Table 2 and Figure 2. Both the control and the intervention groups

showed increase in total and five other cognitive composite scores at 6

and 12 months of intervention, which was the primary outcome in this

study. When the group-by-visit interaction effect was investigated as

a primary analysis, the intervention group showed a larger increase in

total scores than the control group both at 6 months (P < .001) and 12

months (P= .001). Specifically, the intervention group showed a larger

increase in language (P < .001 both at 6 and 12 months) and mem-

ory composite scores (P = .006 at 6 months, P < .001 at 12 months).

There was no significant difference in changes at 12 months in atten-

tion (P = .72), visuospatial (P = .994), and executive composite scores

(P = .929) between the intervention and the control groups. However,

the intervention group showed a tendency to have a larger increase in

attention score (P = .05) at 6 months of intervention compared to the

control group.

3.3 Intervention effects on self-reported
measures

The effect of the intervention on MMQ, PRMQ, GDS15, GAI, PSS,

WHOQOL, and self-reported amount of physical activity, cognitive

activity, and social activity is shown in Table 3. The intervention group

had a larger increase inMMQ-satisfaction (P= .001) andMMQ-ability

scores (P = .035) compared to the control group, at 12 months of

intervention. Among reported cognitive healthy lifestyles, the interac-

tion effect of group-by-visit on amount of cognitive activity was sig-

nificant (P < 0.001 for both at 6 and 12 months), which suggested

that the intervention group showed a significant increase in cognitive

activity during the study compared to the control group. The inter-

vention group showed a tendency to have a larger increase in PSS

(P = .069), WHOQOL-brief scores (P = .060), and amount of social

activity (P= .057) at 12 months, statistical significances of which were

marginal.

4 DISCUSSION

Our ACTH study was an RCT that investigated the effect of smart-

phone application-based cognitive training on cognition in community-

dwelling non-demented elderly individuals. This RCT involving asmany

as 400 people is distinguishable from previous studies. First, our cog-

nitive intervention was performed via mobile phones. Mobile phones

may be advantageous over desktop or laptop computers in terms of

cognitive training, because not only the number of smartphone users
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TABLE 1 Baseline characteristics of study participants

Control group (n= 192) Intervention group (n= 195) P

Age, years 70.5 ± 5 70.8 ± 4.8 .567

Female (%) 141 (73.4) 144 (73.9) .927

Education, years 14.2 ± 3 14.2 ± 3 .817

Comorbidities

Hypertension 57 (29.69) 74 (37.95) .086

Diabetes 15 (7.81) 25 (12.82) .106

Hyperlipidemia 77 (40.1) 84 (43.08) .553

Cardiac disease 13 (6.77) 20 (10.26) .220

Stroke 2 (1.04) 4 (2.05) .422

Baseline cognitiona

MMSE 28.4 ± 1.4 28.3 ± 1.6 .806

CST total score 61.4 ± 10.1 60.4 ± 10 .550

CST attention score 7.8 ± 2.9 7.9 ± 3 .130

CST language score 15.3 ± 3.1 15 ± 3.2 .898

CST visuospatial score 7.6 ± 3.1 7.5 ± 3.3 .791

CSTmemory score 21.2 ± 2.6 20.6 ± 2.8 .278

CST executive score 9.4 ± 2.9 9.4 ± 2.4 .350

K-IADL 0.3 ± 0.7 0.3 ± 0.7 .613

GDS15 2.6 ± 2.8 2.7 ± 3.2 .724

GAI 5.3 ± 5.6 4.7 ± 5.3 .263

Abbreviations: CST, Cognitive Screening Test; GAI, Geriatric Anxiety Inventory; GDS15, short version of the Geriatric Depression Scale; K-IADL, Korean-

instrumental activity of daily living;MMSE,Mini-Mental Status Examination.

Note: Comparison of baseline cognition was conducted by analysis of covariance after adjusting for age, sex, and education.

is rapidly increasing, but mobile phones are also readily accessible

throughout the day, regardless of where people are located. Second,

our smartphone application platform enabled us to monitor partici-

pants’ daily performances, which in turn was important in encouraging

them to do their homework. The average homework performance rate

of our intervention group reached 83% throughout the study period.

Third, the duration of our cognitive intervention was longer than other

studies.

The first major finding of our study was that global cognition (mea-

suredas total scoreon Inbrain-CST) improved in the interventiongroup

at 12 months of intervention. Inbrain-CST is a computerized cognitive

screening test that our group has developed and validated. This cog-

nitive test battery consists of 13 tasks encompassing five major cogni-

tive domains, which have been adopted fromwidely used conventional

neuropsychological tests. The total score—the primary outcome mea-

sure in this study—was developed using the MFA,13 which generates a

more balanced composite score considering all task scores, compared

to a simple summation. Therefore, we consider that global cognition is

well represented, and the significantly larger increase in total score in

the intervention group proves the effect of this intervention.

The secondmajor finding was that our analyses revealed significant

group-by-time interactions in memory and language composite scores,

but not in attention, visuospatial, and executive composite scores.

We expected that application-based cognitive training could improve

attention or executive function because smartphone usage requires

motor coordination and processing speed, and a task that stimulates

a certain cognitive domain could enhance cognition in similar domains

(near-transfer effects).5,20 However, the intervention and control

groups did not significantly differ in attention and executive functions.

A possible explanation for negative results could be a ceiling effect,

such that our eligible participants who had been using smartphones

for years may have had a high level of attention/executive function.

Alternatively, the control group might have done intervention-like

activities in their daily life (= contamination bias, which is commonly

found in community intervention trial) that potentially caused the

intervention effect toward null.

The positive effects onmemory and language domains are notewor-

thy because memory decline (including working, short-term, and long-

term memory) and difficulty in naming are common complaints of the

elderly, regardless of their cognitive status. Previous studies involv-

ing computerized cognitive intervention also determined that healthy

participants showed significant improvement on memory domain at

least compared to inactive controls,21 but not compared to active

controls.22 Regarding the benefits that our participants received from

cognitive intervention, however, we should consider confounding fac-

tors such as learning effects or the bias from single blindness. That is,

cognitive improvement in the intervention group might have partially

resulted from the practice effects as daily cognitive activities were
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TABLE 2 Cognitive outcomes at 6 and 12months of cognitive intervention

Control group Intervention group

Intervention effect (group× visit)

Coef (SE) P

Total score Baseline 61.4 ± 10.1 60.4 ± 10 Ref

(Primary outcome) 6M 64.2 ± 9.8 66.6 ± 10 2.518 (0.568) <.001

12M 66.5 ± 9.7 68.8 ± 9.7 1.899 (0.582) .001

Attention score Baseline 7.8 ± 2.9 7.9 ± 3 Ref

6M 8.6 ± 2.7 9.4 ± 2.7 0.614 (0.314) .05

12M 9.2 ± 2.8 9.5 ± 2.5 0.115 (0.321) .72

Language score Baseline 15.3 ± 3.1 15 ± 3.2 Ref

6M 15.7 ± 3.4 17 ± 3.3 1.327 (0.245) <.001

12M 16.1 ± 3.1 17.4 ± 3.5 1.231 (0.251) <.001

Visuospatial score Baseline 7.6 ± 3.1 7.5 ± 3.3 Ref

6M 8.3 ± 2.6 8.2 ± 2.9 −0.058 (0.211) .782

12M 8.5 ± 2.4 8.6 ± 2.6 0.002 (0.216) .994

Memory score Baseline 21.2 ± 2.6 20.6 ± 2.8 Ref

6M 22 ± 2.7 22.2 ± 2.6 0.519 (0.189) .006

12M 23.1 ± 2.5 23.5 ± 2.4 0.731 (0.193) <.001

Executive score Baseline 9.4 ± 2.9 9.4 ± 2.4 Ref

6M 9.5 ± 2.8 9.9 ± 2.5 0.31 (0.265) .242

12M 9.7 ± 2.9 9.8 ± 2.6 0.024 (0.271) .929

Immediate recall Baseline 18.7 ± 3.1 18.2 ± 3.2 Ref

6M 20 ± 3.4 20.4 ± 3.4 0.708 (0.309) .022

12M 22.5 ± 3.2 23.1 ± 3.3 0.964 (0.316) .002

Delayed recall Baseline 6.7 ± 1.9 6.4 ± 2.2 Ref

6M 7.2 ± 1.7 7.4 ± 1.8 0.322 (0.156) .039

12M 7.9 ± 1.7 8 ± 1.7 0.234 (0.159) .141

Recognition Baseline 22.7 ± 3.2 22 ± 3.3 Ref

6M 23.3 ± 3.1 23.4 ± 3.1 0.496 (0.286) .083

12M 23.5 ± 3.2 24.1 ± 2.9 0.945 (0.293) .001

Abbreviations: Coef, coefficient; M, months; SE, standard error.

Note: P for interaction (group × visit) from linear mixed-model analysis including baseline age, education years, sex, group, visit, group, and group × visit

interaction as fixed effects.

performed on the smartphone and as the cognitive testing was con-

ducted using a tablet, both of which share activities with a similar digi-

tal environment. Also, as the blinding to participants was not possible,

the intervention group may have been more effortful to other cogni-

tive activities and lifestyle modifications, which may have contributed

to the positive results obtained during cognitive testing.

A few clinical trials have used smartphone applications as cognitive

training tools. A previous study fromKorea investigated the effect of 8-

week smartphone application training on cognitive improvement in 53

subjective memory complaints, and concluded that working memory

score improved significantly in the intervention group compared to the

control group.23 However, this study included only 53 participants and

the duration of intervention was 8 weeks, which was not long enough

to examine long-term effects. In accordance to previous studies’ sug-

gestion that longer periods of training may be beneficial, our study is

the first to apply smartphone application-based cognitive training for

an extended time period (12months).

The third major finding of our study was that compared to the con-

trol group, the intervention group reported significantly higher MMQ-

satisfaction score and amount of cognitive activity after 12 months of

intervention. These improvements cannot be explained just by changes

in mood or lifestyle, because changes in GDS or QOL scores did

not differ between the intervention and the control groups. Rather,

higher MMQ-satisfaction scores may indicate higher satisfaction with

one’s own subjective memory ability, which is important consider-

ing that subjective memory complaints possibly predict objective cog-

nitive decline, although biomarker investigation is needed to pre-

dict prognosis.24–28 In addition, lower satisfaction about self-memory

leads to depressive mood,29 which is closely related with cognitive

impairment or lower quality of life in the elderly.30–32 Of note, the
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TABLE 3 Secondary outcomes at 6 and 12months of cognitive intervention

Control group Intervention group

Intervention effect (group× visit)

Coef (SE) P

MMQ-satisfaction (0–36) Baseline 21.3 ± 6.4 21.6 ± 6.9 Ref

6M 22 ± 7 22.5 ± 6.8 0.364 (0.514) .479

12M 22.4 ± 6.8 24.4 ± 6.9 1.698 (0.524) .001

MMQ-ability (0–40) Baseline 25.3 ± 6.8 26.1 ± 7.2 Ref

6M 25.8 ± 7.1 26 ± 7.6 −0.294 (0.59) .618

12M 25.3 ± 7.1 27.3 ± 7.4 1.263 (0.6) .035

MMQ-strategy (0–38) Baseline 17.7 ± 7.1 17 ± 7.1 Ref

6M 17.6 ± 7 17.3 ± 7.9 0.232 (0.673) .730

12M 18.2 ± 7.1 18.5 ± 7.7 0.893 (0.686) .193

PRMQ-total (16–80) Baseline 31.8 ± 9.2 31.1 ± 10 Ref

6M 31.2 ± 9.6 30.5 ± 10.2 −0.421 (0.719) .558

12M 32.1 ± 9.6 30.5 ± 10.3 −0.999 (0.732) .173

GDS (0–15) Baseline 2.6±2.8 2.7±3.2 Ref

6M 2.5 ± 2.8 2.8 ± 3.4 0.235 (0.25) .348

12M 2.5 ± 3.1 2.5 ± 3.1 0.048 (0.255) .851

GAI (0–20) Baseline 5.3 ± 5.6 4.7 ± 5.3 Ref

6M 5 ± 5.6 4.7 ± 5.2 0.166 (0.392) .671

12M 5 ± 5.6 4.4 ± 5.2 0.246 (0.399) .538

PSS (10–50) Baseline 26.5 ± 5 26.6 ± 5 Ref

6M 26.7 ± 4.5 26.3 ± 5 −0.598 (0.487) .220

12M 26.5 ± 4.7 25.7 ± 4.6 −0.904 (0.497) .069

WHOQOL (26–130) Baseline 90.4 ± 13.3 90.2 ± 13.7 Ref

6M 90.2 ± 13.7 90.3 ± 13.9 0.582 (0.89) .513

12M 90.1 ± 13.6 92 ± 14.6 1.704 (0.905) .060

Physical activity Baseline 9.9 ± 4 10.1 ± 3.8 Ref

6M 9.9 ± 4.1 10.8 ± 3.9 0.549 (0.339) .105

12M 10 ± 3.9 10.8 ± 4 0.414 (0.344) .229

Cognitive activity Baseline 7.4 ± 3.7 7.3 ± 3.7 Ref

6M 7.3 ± 3.6 8.7 ± 3.4 1.365 (0.323) <.001

12M 7.1 ± 3.2 8.8 ± 3.6 1.561 (0.329) <.001

Social activity Baseline 6.9 ± 3 6.9 ± 2.9 Ref

6M 6.9 ± 2.7 7.4 ± 3.1 0.349 (0.278) .209

12M 7 ± 2.7 7.7 ± 3.2 0.538 (0.283) .057

Abbreviations: Coef, coefficient; GAI, Geriatric Anxiety Inventory; GDS15, short version of the Geriatric Depression Scale; M, month; MMQ, Multifactorial

Memory Questionnaire; PRMQ, Prospective and Retrospective Memory Questionnaire; PSS, Perceived Stress Scale; se, standard error; WHOQOL, brief

version ofWorld Health OrganizationQuality of Life assessment questionnaire.

Note: P for interaction (group × visit) from linear mixed-model analysis including baseline age, education years, sex, group, visit, group, and group × visit

interaction as fixed effects.

intervention group reported a significantly higher level of cognitive

activity. Although various tools have been used for cognitive train-

ing, no specific cognitive training method has been routinely recom-

mended due to their unavailability. Taken together, our study sug-

gested that smartphone application training combined with intermit-

tent group training and lifestyle modification can be used efficiently to

improve cognitive activity in non-demented elderly individuals.

This study’s major strength is that this is the first RCT that recruited

as many as 400 non-demented participants from a community cen-

ter and investigated whether their cognitive function improved after

receiving application-based cognitive training that was delivered on

their smartphone as homework almost every day for 1 year.Our results

could guide novel health policies for dementia prevention, in a climate

of increasing concern at the governmental level regarding dementia.
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Nonetheless, there are several limitations. First, our findings could not

be generalized; Gangnam-gu in Seoul is one of the most economically

affluent and well-developed neighborhoods in South Korea. There-

fore, the level of education and the performance of elderly participants

are higher than the average elderly population in Korea. Second, our

study participants could not be blinded to group allocation, and the

control group was not an active control. Although our intervention

was mainly focused on cognitive training via smartphone applications,

it also involved lifestyle modification and group cognitive training.

Hence we cannot completely exclude the possibility that the cognitive

benefits from this mutidisciplinary intervention cannot be exclusively

attributed to the smartphone-based training. Accordingly, it would be

helpful to plan a further study involving two groups that differ only

in smartphone intervention. Nonetheless, in addition to self-reported

questionnaires, our objective cognitive testing results support the effi-

cacy of this intervention. Third,we could not assess sustained cognitive

benefits in the participants after the cognitive interventionswere com-

pleted. Therefore, further studies with long-term follow-up after inter-

vention ends are warranted. Finally, biomarker measurement, which

could support application-based cognitive training, was not possible, as

this study was based on a community rather than clinic setting. There-

fore, future studies are required to evaluate disease biomarkers as out-

comemeasures.

ACKNOWLEDGMENTS

This trial was supported byGangnam-guHealthCenter inKorea. Fund-

ing was made to the Gangnam Dementia Care Center. This study was

also supported by the Korea Health Technology R&D Project through

the Korea Health Industry Development Institute (KHIDI), funded by

the Ministry of Health & Welfare, Republic of Korea (HI19C1132).

We thank all participants and staff in the Gangnam Dementia Care

Center, Gangnam-gu Health Center, and MIDAS IT for assistance with

trial administration. These funding sources were not involved in study

design; in the collection, analysis, and interpretation of data; in writing

of themanuscript; and thedecision to submit the article for publication.

CONFLICTS OF INTEREST

The authors have declared no conflicts of interest for this article.

REFERENCES

1. Stern Y, Cognitive reserve.Neuropsychologia. 2009;47:2015-2028.
2. Stern Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet

Neurol. 2012;11:1006-1012.
3. Hong YJ, Lee J-H, Choi EJ, et al. Efficacies of cognitive interventions in

the elderlywith subjective cognitive decline: a prospective, three-arm,

controlled trial. J Clin Neurol. 2020;16:304-313.
4. Tennstedt SL, Unverzagt FW. The ACTIVE study: study overview and

major findings. J Aging Health. 2013;25:3s-20s.
5. Ball K, Berch DB, Helmers KF, et al. Effects of cognitive training

interventions with older adults: a randomized controlled trial. JAMA.
2002;288:2271-2281.

6. Smith GE, Housen P, Yaffe K, et al. A cognitive training program based

onprinciples of brain plasticity: results from the Improvement inMem-

orywithPlasticity-basedAdaptiveCognitiveTraining (IMPACT) Study.

J AmGeriatr Soc. 2009;57:594-603.

7. Jeong JH, Na HR, Choi SH, et al. Group- and home-based cognitive

intervention for patients with mild cognitive impairment: a random-

ized controlled trial. Psychother Psychosom. 2016;85:198-207.
8. Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain inter-

vention of diet, exercise, cognitive training, and vascular risk moni-

toring versus control to prevent cognitive decline in at-risk elderly

people (FINGER): a randomised controlled trial. Lancet North Am Ed.
2015;385:2255-2263.

9. Stern Y. Cognitive reserve in ageing and Alzheimer’s disease. The
Lancet Neurology. 2012;11:1006-1012.

10. Kang Y, Na DL, Hahn S. A validity study on the Korean Mini-Mental

State Examination (K-MMSE) in dementia patients. J Korean Neurol
Assoc. 1997;15:300.

11. Kang SJ, Choi SH, Lee BH, Kwon JC, NaDL, Han SH. The reliability and

validity of the Korean Instrumental Activities of Daily Living (K-IADL).

J Korean Neurol Assoc. 2002;20:8.
12. Lee Y, NaDL, CheongHK, et al. Lifestyle recommendations for demen-

tia prevention: PASCAL. J Korean Geriatr Soc. 2009;13:61-68.
13. Greenacre M, Blasius J. Multiple Correspondence Analysis and Related

Methods. CRC press; 2006.

14. SmithG, Della Sala S, Logie RH,Maylor EA. Prospective and retrospec-

tive memory in normal ageing and dementia: a questionnaire study.

Memory. 2000;8:311-321.
15. Byun E, Kim K. Prospective and retrospective memory failures in per-

sons with memory complaints: a questionnaire study. Dementia and
Neurocognitive Disorders. 2009;8:45-52.

16. Pachana NA, Byrne GJ, Siddle H, Koloski N, Harley E, Arnold E. Devel-

opment andvalidationof the geriatric anxiety inventory. Int Psychogeri-
atr. 2007;19:103-114.

17. Kim J, ParkMS,OhDN. Reliability and validity of Korean geriatric anx-

iety inventory (K-GAI). Journal of Muscle and Joint Health. 2014;21:75-
84.

18. Min SK, Kim KI, Lee CI, Jung YC, Suh SY, Kim DK. Development of the

Korean versions of WHO Quality of Life scale and WHOQOL-BREF.

Qual Life Res. 2002;11:593-600.
19. tWH Organization. The World Health Organization Quality of Life

assessment (WHOQOL): position paper from theWorld Health Orga-

nization. Soc Sci Med. 1995;41:1403-1409.
20. Butler M, McCreedy E, Nelson VA, et al. Does cognitive training

prevent cognitive decline? A systematic review. Ann Intern Med.
2018;168:63-68.

21. Klusmann V, Evers A, Schwarzer R, et al. Complex mental and physi-

cal activity in olderwomen and cognitive performance: a 6-month ran-

domized controlled trial. Journals of Gerontology Series A: Biomedical Sci-
ences andMedical Sciences. 2010;65:680-688.

22. GatesNJ, RutjesAW,DiNisioM, et al. Computerised cognitive training

for maintaining cognitive function in cognitively healthy people in late

life. Cochrane Database Syst Rev. 2019;3:CD012277.
23. Oh SJ, Seo S, Lee JH, Song MJ, Shin MS. Effects of smartphone-based

memory training for older adults with subjective memory complaints:

a randomized controlled trial. AgingMent Health. 2018;22:526-534.
24. Brailean A, Steptoe A, Batty GD, Zaninotto P, Llewellyn DJ. Are sub-

jective memory complaints indicative of objective cognitive decline or

depressive symptoms? Findings from the English longitudinal study of

ageing. J Psychiatr Res. 2019;110:143-151.
25. van Oijen M, de Jong FJ, Hofman A, Koudstaal PJ, Breteler MM. Sub-

jectivememory complaints, education, and risk of Alzheimer’s disease.

Alzheimers Dement. 2007;3:92-97.
26. Amariglio RE, Mormino EC, Pietras AC, et al. Subjective cognitive con-

cerns, amyloid-β, and neurodegeneration in clinically normal elderly.

Neurology. 2015;85:56-62.
27. Hessen E, Eckerström M, Nordlund A, et al. Subjective cognitive

impairment is a predominantly benign condition in memory clinic

patients followed for 6 years: the Gothenburg-Oslo MCI Study.

Dement Geriatr Cogn Dis Extra. 2017;7:1-14.



10 of 10 JANG ET AL.

28. Jessen F, Amariglio RE, Buckley RF, et al. The characterisation

of subjective cognitive decline. The Lancet Neurology. 2020;19:271-
278.

29. Balash Y,MordechovichM, Shabtai H, Giladi N, Gurevich T, KorczynA.

Subjectivememory complaints in elders: depression, anxiety, or cogni-

tive decline?. Acta Neurol Scand. 2013;127:344-350.
30. Harvey PO, Le Bastard G, Pochon JB, et al. Executive functions and

updating of the contents of working memory in unipolar depression.

J Psychiatr Res. 2004;38:567-576.
31. Burt DB, Zembar MJ, Niederehe G. Depression and memory impair-

ment: a meta-analysis of the association, its pattern, and specificity.

Psychol Bull. 1995;117:285.
32. Watts FN, Sharrock R. Description andmeasurement of concentration

problems in depressed patients. Psychological Med. 1985;15:317-326.

SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.

How to cite this article: Jang H, YeoM, Cho J, et al. Effects of

smartphone application-based cognitive training at home on

cognition in community-dwelling non-demented elderly

individuals: A randomized controlled trial. Alzheimer’s Dement.

2021;7:e12209.https://doi.org/10.1002/trc2.12209

https://doi.org/10.1002/trc2.12209

	Effects of smartphone application-based cognitive training at home on cognition in community-dwelling non-demented elderly individuals: A randomized controlled trial
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study design
	2.2 | Participants
	2.3 | Randomization
	2.4 | Intervention
	2.5 | Outcomes
	2.6 | Statistical analysis

	3 | RESULTS
	3.1 | Participants’ flow, adherence to interventions, and background characteristics
	3.2 | Intervention effects on cognitive performance
	3.3 | Intervention effects on self-reported measures

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	REFERENCES
	SUPPORTING INFORMATION


