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Background: Cognitive training (CT) has been one of the important non-pharmaceutical interventions that could
delay cognitive decline. Currently, no definite CT methods are available. Furthermore, little attention has been
paid to the effect of CT on mood and instrumental activities of daily living (IADL).

Objectives: To assess the effectiveness of a multicomponent CT using a training program of executive functions,
attention, memory and visuospatial functions (TEAM-V Program) on cognition, mood and instrumental ADL.
Design: A randomized, single-blinded, treatment-as-usual controlled trial.

Setting: Geriatric clinic in Bangkok, Thailand.

Participants: 80 nondemented community-dwelling older adults (mean age 65.7 + 4.3 years).

Intervention: The CT (TEAM-V) Program or the treatment-as-usual controlled group. The TEAM-V intervention
was conducted over 5 sessions, with a 2-week interval between each session. A total of 80 participants were
randomized (n = 40 the TEAM-V Program; n = 40 the control group).

Measurements: The Thai version of Montreal Cognitive Assessment (MoCA), The Alzheimer’s Disease Assessment
Scale-Cognitive Subscale (ADAS-cog), Thai version of Hospital Anxiety and Depression Scale (HADS) and The
Chula ADL were used to assess at baseline, 6 months, 1 year and 2 years.

Results: Compared with the control arm (n = 36), the TEAM-V Program (n = 39) was associated with significantly
improved general cognition (MoCA, P = 0.02) at 2 years. Compared with baseline, participants receiving the
TEAM-V Program were associated with significantly improved immediate recall (word recall task, P < 0.001),
retrieval and retention of memory processes (word recognition task, P = 0.01) and attention (number cancellation
part A, P = 0.01) at 2 years. No training effects on anxiety (P = 0.94), depression (P = 0.093) and IADL (P = 0.48)
were detected.

Conclusions: The TEAM-V Program was effective in improving global cognitive function. Even though, the pro-
gram did not significantly improve anxiety, depression and IADL compared with the control group, memory and
attention improved in the intervention group compared with baseline. Further studies incorporating a larger
sample size, longitudinal follow-up and higher-intensity CT should be conducted.

1. Introduction ventions to prevent dementia among healthy older adults such as phys-

ical activity, social engagement and cognitive training intervention [3].

Dementia is a common medical condition among older adults in
which the symptoms of cognitive impairment significantly affect daily
living and social function [1]. The number of people with dementia
would increase from 57.4 million cases in 1019 to 152.8 million cases
in 2050 [2]. The clinical trials have focused on nonpharmacologic inter-
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A large, long-term (2-year follow-up), randomized controlled trial sug-
gested a multidomain intervention including cognitive training could
improve or maintain cognitive functioning among older adults [4].
Cognitive training (CT) uses guided practice on a set of tasks related
to memory, executive function, attention or other brain functions. The
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goals of training are to improve or maintain ability in specific cognitive
domains. This training can take many formats. For example, it can be
conducted individually or in group, with either a single, e.g., memory,
or multiple, e.g., memory and executive function topics [5]. CT can in-
duce plastic changes at the level of intrinsic activity patterns in older
adults without dementia, mainly by modifying neuronal functional con-
nectivity [6].

A recent systematic review showed CT reported improvements in
cognitive performance among older participants of CT with or without
booster session in long-term studies [7]. In addition, a recent random-
ized controlled trials revealed multicomponent cognitive training im-
proved logical reasoning compared to the control group up to 12 months
[8]. However, the training did not significantly impact global cognition
in this study [9].

CT not only improves cognition but also improve instrumental ac-
tivities of daily living (IADL). For example, the Advanced CT for Inde-
pendent and Vital Elderly (ACTIVE) study, the first large scale random-
ized controlled trail, demonstrated significant improvements in cogni-
tion such as memory and reasoning, which were sustained for up to 10
years, and showed benefit to IADL [10].

Although several studies proved the beneficial effects of CT among
healthy older adults concerning cognition [11], little attention has been
paid to the effect of CT on mood, despite depression and anxiety be-
ing known to negatively impact cognition and related to early cognitive
decline [12]. Interestingly, CT among people at risk of dementia such
as depression and/or minor neurocognitive disorder showed improve-
ments in cognitive and mood functions [13]. In addition, a study has
revealed CT among older people with minor neurocognitive disorders
could protect against a decline in mental abilities such as depression
and anxiety [14]. However, some CT Programs used advanced or ex-
pensive technology. Furthermore, trainings for healthy older adults in
developed countries were mostly computer-based [15] that were diffi-
cult to apply to some locations such as rural areas in Thailand.

In Thailand, according from five-year dementia registry data re-
vealed the prevalence of in-patients diagnosed with dementia increased
from 15.4 % in 2015 to 21.6 % in 2019. During these 5 years, 59.3 %
were dead. Mean cost of expense during admission were 31,52.79 Baht
[16]. Therefore, dementia prevention is very importance. However,
studies pertaining to CT in Thailand are conducted mostly among older
adults with major neurocognitive disorder [17] and for minor neurocog-
nitive disorder [18-21]. CT among healthy older adults were in short-
term follow-up [22,23]. A training of executive functions, attention,
memory and visuospatial functions (TEAM-V Program) was developed
for group-based multicomponent CT. In our related study, at 1 year-
follow-up, the program was effective in reducing anxiety. Even though,
the program did not significantly improve cognition, depression and
IADL compared with the control group, global cognition, memory, at-
tention and executive function improved in the intervention group com-
pared with baseline [24]. Therefore, longitudinal follow-ups could be
extended to strengthen the study findings.

The aim of the present study was to assess the effectiveness of a
group-based 8-week multicomponent CT using the TEAM-V Program
concerning cognition, mood and IADL among healthy older adults over
2 years. The hypothesis was individuals receiving the program would
demonstrate improved cognitive function, mood and IADL outcomes or
delay their impairment compared with those not receiving the program
at 6-months follow-up, 1-year follow-up and up to 2 years.

2. Methods
2.1. Eligibility criteria and recruitment methods

This experimental study is a part of the CT Program among older
adults without neurocognitive impairment project, conducted by the re-

search team from The Institute of Geriatrics Medicine, Department of
Psychiatry and Geriatrics Medicine Unit at Ramathibodi Hospital and
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Outpatients and Family Medicine Department at Phramongkutklao Hos-
pital, Bangkok, Thailand. The required sample size of participants to be
included in the study was set at 217, including a drop out of 30 %. This
was determined by power calculation with a power of 0.8 and an alpha
error of 0.05, based on cognition as the primary outcome and an esti-
mated overall effect size of f = 0.13, which also corresponds to the Thai
National Dementia Survey [25]. The participants were enrolled from
across the four regions of the country. Research sites in each region were
led by medical professionals such as geriatrics nurses, receiving training
during a 4-day workshop, held in February 2017, by the main research
team. The workshop covered both clinical and instrumental assessment
of cognitive function and method of delivering the CT Program.

Participants in this study were from the central region of Thailand;
we recruited 98 participants who visited the Geriatric Clinic, Outpatient
Department, Phramongkutklao Hospital, Bangkok, Thailand between
April and May 2017. The enrolled participants were aged > 60 years
and willing to participate in all 5 activities. The exclusion criteria were:
Thai version of Hospital Anxiety and Depression Scale (HADS) higher
than 11 on anxiety or depression [26], Thai version of Montreal Cog-
nitive Assessment (MoCA) less than 26 [27], presenting any conditions
affecting participation in program activities, e.g. balancing problems,
hearing impairment as well as any psychiatric diseases and neurologic
problems such as stroke. This study was approved by the Institutional
Review Board of the Royal Thai Army Medical Department Ethics Com-
mittee as instituted (IRBRTA 599/60) by the Declaration of Helsinski,
and all participants were required to provide written informed consent
before enrollment. The study was registered under the Thai Clinical Tri-
als Registry (TCTR20190709003).

2.2. Study design

This involved a single-blinded randomized controlled trial. Fig. 1
illustrates the timeline of the study enrollment. Our reporting in the
manuscript adheres to the CONSORT 2010 Guideline [28]. After pro-
viding informed consent, participants were randomly allocated to either:
the intervention group; or control group on a 1:1 basic using simple ran-
domization methods. Randomization was carried out employing a Clin-
ical Trials Manager who was blinded to patient status throughout the
study. Independent teams conducted the administration of the cognitive
measures and the training sessions. The participants were blinded to the
treatment assignment. All subjects were explained about the protocol of
their allocated group. Those who refused to fully attend all required
activities were excluded from the study. Recruitment was continuously
performed until the number of participants reached 40 for each group.
The cognitive functions, moods, and IADL were assessed by a neuropsy-
chologist at baseline, 6 months, 1 year and 2 years. The neuropsychol-
ogist was blinded to patient status throughout the study.

2.3. Description of the intervention

The control group received standard clinical care from their usual
health-care professionals such as information on physical exercise,
smoking cessation and nutrition as recommended by the existing guide-
line [29]. The intervention group received CT using the TEAM-V Pro-
gram that comprised a multidomain CT program consisting of training
of executive function, attention, memory and visuospatial function. The
training was held from May to July 2017, 5 sessions, with a 2-week
interval between each session and 120 min per session. All of 39 partic-
ipants were included per group session. Each session involved training
of different domains of cognition. Participants were encouraged to prac-
tice their homework during the intervention period, and the details of
each session are shown in Table 1. After the intervention, participants
were encouraged to continue practicing CT as much as possible.
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Table 1

[ Enrollment ]
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Assessed for eligibility (n=98)

Excluded (n=18)

+ Not meeting inclusion criteria (n=6)
+ Declined to participate (n=12)

Randomized (n=80)

l

\4

[ Allocation }

Allocated to intervention (n=40)
+ Received allocated intervention (n=40)
+ Did not receive allocated intervention (n=0)

Allocated to control (n=40)
+ Received allocated control (n=40)
«+ Did not receive allocated intervention (n= 0)

A 4

Lost to follow-up (n=0)
Discontinued intervention (give reasons) (n=0)

Analysed at 6 months (n=40)

[ F/U 6 months }

Lost to follow-up (n=0)

reason) (n= 3)

Discontinued intervention (due to personal

Analysed at 6 months (n=37)

[ F/U 1 year ]

l

Lost to follow-up (n=0)
Discontinued intervention (n= 0)

Analysed at 1 year (n=40)

Lost to follow-up (n=0)

Discontinued intervention (due to passed
away) (n=1)

Analysed at 1 year (n=36)

l

—

F/U 2 years

] l

Lost to follow-up (n=0)

Discontinued intervention (due to passed

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

away) (n=1)

Analysis

A

Analysed (n=39)
+ Excluded from analysis (n=0)

J
Analysed (n= 36)

+ Excluded from analysis (n=0)

Fig. 1. CONSORT diagram of study enrollment flow.

The TEAM-V Program cognitive training activities.

Sessions

Type/main domain
training

Contents of training

Example of activities in class

Example of homework

1

Attention
Attention and
memory
Memory

Visuospatial

Executive function

Switching, selective and
sustained attentions
Attention and short-term
memory

Short and long-term memory

Spatial-temporal reasoning

Management skills

Listening carefully a story and a song as a distractor,
answers the detail of the story

Practicing mental visualization techniques to memorize
information such as names and objects

Listening a story and practicing strategies such as
mnemonics, mind map and picture to improve memory

Identify number of overlap descriptions, analyze a figure
and reproduce it
Planning and doing sandwich with limited resources

Identifying internal and external
distracters in daily living

Memory techniques using in real life such
techniques to remember of shopping lists
Short-term memory: summarized news
with mnemonics, mind map and picture
Long-term memory: autobiography
Drawing a map from home to hospital
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2.4. Neuropsychological testing for baseline assessment and outcome
measures

The primary outcome was change of cognitive function of partic-
ipants. To identify changes of global cognitive function, we applied
the Thai version of MoCA to assess various domains of cognition in-
cluding attention, executive function, memory, language, visuospatial
skills, conceptualization, calculation and orientation. The sensitivity and
specificity were 81 % and 86 %, respectively [27]. To identify changes
of different domains of cognitive function, we applied main sub-tests
of Alzheimer’s Disease Assessment Scale-Cognitive subscale (ADAS-cog)
[30,31].

Word recall task was administered to measure immediate recall
memory. The participants were given 3 trials to remember a list of
10 words in block letter on white cards. Scoring was 1 point for each
word if the participant did not remember it. Average total learning
over 3 trials was examined.

Constructional praxis was used to assess visuospatial function. The
participants were asked to copy a cube on a piece of paper. Scoring
was 1 point for each error including not 3-dimensional, the front face
in the incorrect orientation, internal lines drawn incorrectly between
corners and opposite sides of face not parallel or not equal size.
Number cancellation part A was considered to be a general measure
of attention. The participants were asked to cross off as many target
as possible in 45 s. Scoring for part A was total of correct numbers
crossed off.

Delayed recall was administered to measure delayed recall memory.
The participants were asked to recall as many words as possible from
the 10 words presented during the Word recall task.

Maze test was used to assess executive function. The participants
were asked to find the route from the start to the exit of the 7 mazes
in the paper. Times of completion were records.

Word recognition task was considered to be a general measure of
retrieval and retention of memory process. The participants were
given 3 trials to remember a list of 12 words in block letter on white
cards. Then, the participants were given another set of words, some
of the words were on the cards, but some of the words were not on
the cards. Scoring was 1 point for each word if the participant did
not remember it. Average total learning over 3 trials was examined.

Interpretation of sub-tests of ADAS-cog, a higher score indicates
worse cognitive performance, while a lower score indicates better cogni-
tive performance, except number cancellation part A and delayed recall,
in which a higher score indicates better cognitive performance, while a
lower score indicates worse cognitive performance.

Secondary outcomes were:

1. Thai version of HADS comprised an anxiety and depression assess-
ment tool. It consists of 14 question; 7 questions for anxiety and 7
questions for depression. Each item had been answered by the pa-
tient on a four point (0-[3]) response category. Score rage from 0 to
21 for anxiety and 0-21 for depression. A score of 11 or more are
generally considered to have anxiety or depression. The sensitivity
of anxiety and depression was 100 % and 85.7 %, respectively, and
the specificity of anxiety and depression was 86.0 % and 91.3 %,
respectively [26].

2. The Chula ADL Index is the Thai version and was used in this study
under the term IADL, which assess the ability to perform complex
tasks such as shopping and house keeping. The IADL indicates the
ability to exist in the community independently, including the ability
to perform daily tasks. Score rage from 0 to 9. The coefficient of
reproducibility and scalability were 0.96 and 0.67, respectively [32].

2.5. Statistic analysis

Statistic analyses were performed using Statistical Package for the
Social Sciences version 23.0 for Window (SPSS, Chicago, IL, USA). Un-
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less otherwise stated, all values were presented as the mean + SD. De-
mographic comparisons between the intervention and control groups
used the Fisher’s exact test, Independent t-test and Mann-Whitney U
test. Participants in the intervention group who attended less than 80 %
of the sessions (4 sessions) were not included in the analysis. A value of
P < 0.05 was considered statistically significant.

3. Results
3.1. Demographic analysis and baseline characteristic

A detailed flow chart of the present study is shown in Fig. 1. Of the 98
participants referred to the trial, 80 participants met eligibility criteria
and completed baseline assessment. Totally, 76 (95 %) participants per-
formed the 1-year follow-up and 75 (93.8 %) participants completed the
2-year follow-up. Adverse events were not reported from either group.

Patients’ characteristics at baseline for each group are shown in
Table 2. The mean age of participants was 65.7 years. Most participants
were women (79.5 % in the intervention group vs. 72.2 % in the control
group), most had a bachelor’s degree (64.1 vs. 61.1 %), had a chronic
medical condition (84.6 vs. 91.7 %), exercised regularly (97.4 % vs.
83.3 %), and enjoyed leisure activities (87.1 vs. 97.2 %). No significant
intergroup differences were noted between age, gender, marital status,
level of education, existing medical conditions, lifestyle such as exer-
cise, leisure activities and participation in social activities, body mass
index and the scores of MoCA, HADS and IADL at baseline.

3.2. Effects of intervention on cognitive function

Table 3 illustrates the mean differences in neuropsychological test
scores between the intervention and control groups at 6-month, 1-
year and 2- year follow-up. At 2-year follow-up, the intervention group
showed significantly greater improvement than the control group in
global cognitive function (MoCA, P = 0.017) in Fig. 2. Moreover, the
intervention group showed significant improvement from baseline in
immediate recall (word recall task, P < 0.001), retrieval and retention
of memory process (word recognition task, P = 0.008) and attention
(number cancellation part A, P = 0.012). However, the control group
showed significantly greater improvement than the intervention group
in executive function (maze test, P = 0.019). at 2-year follow-up. Fur-
thermore, the control group showed significant improvement from base-
line in executive function (maze test, P = 0.003) and retrieval and reten-
tion of memory processes (word recognition task, P = 0.015). However,
attention showed significant deterioration (number cancellation part A,
P < 0.001).

3.3. Effects of intervention on mood and IADL

Table 3 illustrates the mean differences in HADS and IADL scores
between the intervention and control groups at 6-month, 1-year and 2-
year follow-up. No training effects on anxiety (P = 0.940), depression
(P = 0.927) and IADL (P = 0.482) were detected at 2 years.

4. Discussion

The aim of this study was to compare the effectiveness of a group-
based 8-week multicomponent CT using the TEAM-V Program with the
treatment-as-usual control among healthy older adults. The participants
in the intervention group showed significant improvement in global cog-
nitive function compared with that of the control group. Moreover, the
intervention group also showed significant improvement from baseline
in memory and attention at 2-year follow-up.

Regarding the improvement of global cognitive function, in the
intervention group receiving CT using the TEAM-V multidomain CT
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Table 2
Participant characteristics at baseline.
Intervention group Control group
(n=39) (n = 36)
Characteristic mean + SD mean + SD P-value
Age (years) 66.2 + 4.6 65.1 + 4.0 0.267¢
Females, n (%) 31(79.5 %) 26(72.2 %) 0.648
Marital status 0.351°
Single, n (%) 8(20.5 %) 6(16.7 %)
Married, n (%) 24(61.5 %) 24(66.6 %)
Other (Widowed, 7(18 %) 6(16.7 %)
separated, divorced), n (%)
Highest level of education 0.966"
7-12 years, n (%) 1(2.6 %) 1(2.8 %)
Associate’s degree, n (%) 2(5.1 %) 3(8.3 %)
Bachelor’s degree, n (%) 25(64.1 %) 22(61.1 %)
Graduate degree, n (%) 11(28.2 %) 10(27.8 %)
Chronic medical conditions, n (%) 33(84.6 %) 33(91.7 %) 0.402°
Diabetes, n (%) 4(10.3 %) 0 (0 %) 0.116"
Hypertension, n (%) 12(30.8 %) 17(47.2 %) 0.149%
Dyslipidemia, n (%) 21(53.8 %) 18(50 %) 0.736%
Regular exercise, n (%) 38(97.4 %) 30(83.3 %) 0.079°
Smoking 0.051°
Never, n (%) 39(100 %) 33(91.7 %)
Former, n (%) 0(0 %) 3(8.3 %)
Alcohol consumption 0.508"
Never, n (%) 33(84.6 %) 28(77.8 %)
Former, n (%) 0(0 %) 1(2.8 %)
Social drinking 1(2.6 %) 0(0 %)
Daily drinking 5(12.8 %) 7(19.4 %)
Having leisure activities, n (%) 34(87.1 %) 35(97.2 %) 0.266"
Participation in social activities, n (%) 26(66.7 %) 28(77.8 %) 0.306%
Body mass index (kg/m?) 240+ 3.4 245+ 3.5 0.526¢
MoCA 27.8+1.3 276 +1.5 0.536¢
Immediate recall memory 3.0+1.3 2.7 +1.0 0.265¢
Retrieval and retention of memory process 5.3 + 2.2 5.0+ 1.8 0.474¢
Delayed recall memory 25+1.4 23+15 0.710¢
Attention 25.6 + 6.5 27.3+6.5 0.253¢
Visuospatial function 0.3+0.7 0.3+0.8 0.925¢
Executive function 58.7 + 26.4 64.32+36.4 0.862¢
HADS: Anxiety 35422 4.6 +£2.5 0.057¢
HADS: Depression 2.8 +23
29+21 0.695¢
IADL 7.8+ 0.6 8.0+0.2 0.160¢
Notes:

2 Chi-square test.

b Fisher’s exact test.

¢ Independent t-test.

d Mann-Whitney U test.Abbreviations: MoCA, the Thai version of Montreal Cognitive Assessment;
HADS, the Thai version of Hospital Anxiety and Depression Scale; IADL, instrumental activities of
daily living; SD, standard deviation.

30 Fig. 2. MoCA mean scores at baseline, 6-
months, 1-year and 2-year follow-up .
Note: ?Independent t-test. *P < 0.05. Abbrevia-

295 tions: MoCA, the Thai version of Montreal Cog-
) nitive Assessment.
= 29
o
Q
7]
c 285
(5]
(]
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<
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——8—— TEAM-V — — @ — - Control
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Table 3

Mean differences in cognitive function, moods and IADL scores between intervention group and control group at 6-month, 1-year and

2- year follow-up.

The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100033

Intervention group (n = 39)

Control group (n = 36) mean

mean difference + SD difference + SD P-value
Global cognitive function
MoCA 6 Months 0.6+1.7 03+1.6 0.486"
1 Year 1.1+17 05+1.9 0.186"
2 Years 1.0+ 1.8 -0.03 + 1.9 0.017%*
Intragroup P-value  0.001°¢ 0.930¢
Cognitive function in each domain
Immediate recall memory 6 Months -06+14 -0.3+1.3 0.3322
1 Year -04+1.2 01+1.3 0.115°
2 Years -0.7+1.0 -0.15+1.2 0.051%
Intragroup P-value <0.001¢ 0.486¢
Retrieval and retention of memory process 6 Months -1.0+23 -0.6 +2.1 0.464%
1 Year -0.4+2.0 0.0+21 0.372°
2 Years -09+1.9 -0.8+2.0 0.934°
Intragroup P-value  0.008¢ 0.015¢
Delayed recall memory 6 Months -04+18 -0.0+2.1 0.241°
1 Year -0.4+1.6 -0.1+16 0.387°
2 Years -0.5+15 0.2+22 0.242°
Intragroup P-value  0.064¢ 0.903¢
Attention 6 Months -0.3+5.2 -1.5+53 0.304*
1 Year 25+47 0.1 +4.6 0.028°
2 Years -2.3+5.3 -3.9+5.2 0.169°
Intragroup P-value  0.012¢ <0.001¢
Visuospatial function 6 Months -0.1+0.8 0.2+0.9 0.143°
1 Year -0.1+0.7 —0.1+0.6 0.983"
2 Years -0.2+0.7 0.11 +0.7 0.191°
Intragroup P-value  0.206¢ 0.366¢
Executive function 6 Months -0.9+27.1 -11.2 +27.2 0.155"
1 Year 10.0 + 30.1 -5.3 +30.3 0.051°
2 Years 2.6 + 29.5 -14.8 + 25.0 0.019%*
Intragroup P-value  0.645¢ 0.003¢
Mood
Anxiety 6 Months -0.2 +2.15 0.6 +1.98 0.065"
1 Year -0.1+216 0.7 +2.01 0.065"
2 Years -0.2 +2.26 —0.5 + 1.65 0.940"
Intragroup P-value ~ 0.583¢ 0.107¢
Depression 6 Months -0.43 +2.17 0.76 + 2.17 0.055"
1 Year -0.15 + 2.21 0.47 +1.93 0.201°
2 Years —0.03 +1.97 —0.06 + 2.08 0.927°
Intragroup P-value  0.834¢ 0.919¢
IADL
IADL 6 Months 0.13 + 0.61 —0.05 + 0.33 0.133"
1 Year 0.08 + 0.47 —-0.03 +0.29 0.321°
2 Years 0.08 + 0.48 0.00 + 0.24 0.482"
Intragroup P-value  0.317¢ 1.000¢
Notes:

2 Independent t-test.

b Mann-Whitney U test.

¢ Paired t-test.

4 Wilcoxon Signed Ranks Test.

* P < 0.05.Intragroup P-value: compare the means at baseline and 2-year follow-up. Abbreviations: MoCA, the Thai version of
Montreal Cognitive Assessment; IADL, instrumental activities of daily living; SD, standard deviation.

Program consisting of training of executive function, attention, mem-
ory and visuospatial function, the beneficial effects of parallel training
in different domains of a multidomain cognitive program could have
additive effects versus a cognitive program focusing on a single re-
stricted area. One study in mice, using a multi-domain cognitive train-
ing (spatial navigation task, object recognition, and fear conditioning)
compared with a single-domain cognitive training (spatial navigation
task) showed the multi-domain cognitive training exhibited an improve-
ment in cognitive functions, reductions in amyloid load and microglio-
sis, and a preservation of cholinergic function. These findings provide
causal evidence for the potential of CT to mitigate the cognitive deficits
in Alzheimer disease [33]. Moreover, this may be explained by the
fact that CT enhances functional connectivity within cognitive brain
networks [34].

Memory and attention problems are a common concern for older
adults. Therefore, the TEAM-V Program provided 2 sessions for mem-

ory and attention training, but other domains received 1 session per
domain. In the intervention group, our findings demonstrated signif-
icant improvements in attention, immediate recall memory, retrieval
and retention of memory processes at 2-year follow-up. However, no
improvements were found for delayed recall, possibly because delayed
recall needs more rehearsal and refreshing than other types of memories
[35].

In addition, visuospatial functions were not improved in the inter-
vention group because visuospatial processing involves a very dynamic
and complex brain network such as interconnection with dorsal and ven-
tral pathways [36]. Therefore, the visuospatial training in the TEAM-
V Program provided only 1 session, and only a simple homework as-
signment such as drawing a map from home to hospital that may have
been insufficient to improve visuospatial function. Training using var-
ious methods and high intensity such as navigation tasks, visuomotor
trainings and visuoconstruction procedures would further improve this
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function [37] . For example, a novel visuospatial exercise using cubes
with six colored patterns 90 min/week for 12 weeks could improve vi-
suospatial ability [38].

For the executive function, the participants in the control group
showed significantly improvement in executive function compared with
that of the intervention group at 2-year follow-up. It may be the control
group had worse baseline scores compared with the intervention group.
Many parts of brain were involved such as the frontal junction and pre-
cuneus controlled executive function. It comprises many domains such
as working memory, inhibitory control and cognitive flexibility [39].
Therefore, CT must involve complex tasks in many sessions. For the
TEAM-V Program, the executive function training had only 1 session
of planning and involved creating sandwiches with limited resources.
Compared with a CT of executive function by 12-week cooking program,
the training session lasted for about 90-min once a week among older
adults with dementia. The cooking training task could maintain execu-
tive function [40]. Moreover, a meta-analysis of the combined cognitive
and physical interventions effectively delayed the decrease of executive
functions among older adults and this effect was influenced by the length
and frequency of the intervention [41]. Therefore, the difficulty and du-
ration of activities in TEAM-V Program may not have been sufficient to
improve executive function. In addition, the Compensation-Related Uti-
lization of Neural Circuits Hypothesis suggested individual’s cognitive
capacity affects the response of cognitive training [42]. Therefore, eval-
uation of the individual’s cognitive capacity will help organize activities
and task demands appropriately. Moreover, combined physical exercise
with CT may be more effective. For example, a recent meta-analysis
of randomized controlled trials showed aerobic exercise and dual-task
training were effective to improve cognitive frailty [43].

No significant improvement was observed of anxiety and depression
between the intervention group and the control group at 2-year follow-
up. However, a trend indicating difference between groups was observed
in anxiety and depression between the two groups at 6 months and 1
year (for anxiety). Accordingly the China Health and Retirement Lon-
gitudinal Survey (CHARLS) study revealed social engagement not only
significantly improved self-rated health but also reduced mental distress
[44]. Moreover, the most recent longitudinal studies have demonstrated
high social engagement and benefits on depression and anxiety [45].
Therefore, interaction with others during group activities in the TEAM-V
Program could have helped participants to improve their self-esteem and
to enjoy activities that helped them to achieve a better mental health in
short term follow-up. However, 5 sessions in the 8-weeks TEAM-V Pro-
gram were insufficient to improve mental health in long-term follow-up.
The results were the same as the randomized controlled trial of com-
puterized cognitive training with 10 h of initial training and followed
by 2 booster sessions at 5 and 11 months; no significant difference in
mood was found at 52-week follow-up [46]. Therefore, more training
and frequent booster sessions will help to improve mood in long-term
follow-up.

In the present study, no statistically significant changes were found
in IADL scores in both intervention and control groups. Quite possi-
bly successful completion of IADL depends upon having cognitive skills,
e.g., memory, executive function, necessary to accomplish the tasks
[47]. However, because of minimal functional decline across healthy
older adults, longer follow-up is likely required to observe training ef-
fects on IADL. For example, the ACTIVE study, an experimental study
among 2832 healthy older adults with 10-years follow-up found that in
3 intervention groups of CT by memory training, reasoning training or
speed training was reportedly less difficulty in IADL compared with that
of the no-contact control group [48]. In addition, IADL might not be im-
pacted by cognitive performance but rather by other factors that may
not be responsive to the CT. Moreover, CT may improve IADL among
people with dementia more than among healthy older adults. An ex-
perimental study of CT conducted among healthy older adults, healthy
older adults with minor neurocognitive disorders and Alzheimer’s dis-
ease also found IADL significant improved in the intervention group of
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Alzheimer’s disease, but not among those with minor neurocognitive
disorders and healthy older adults [49].

To our knowledge, the present study is the first to report a multi-
component CT with RCT design among healthy older adults with 2-year
follow-up in Thailand. The TEAM-V Program consisted of many simple
activities that are convenient to apply in remote areas in Thailand or in
other countries. For example, the program could easily train volunteers
to conduct stimulating cognition activities for healthy older adults in
elderly clubs. In addition, although some older adults would be unfa-
miliar with high technology such as computer or online program, they
could still join. In addition, a very high adherence was noted in the in-
tervention group (only 3 individuals discontinued intervention due to
personal reasons and 1 person passed away) during 2-year follow-up.
It would be possible that participants felt the program was useful and
practical to apply in their daily life. However, the program still needed
to be tested compared other group activities and other settings as well
as to be corrected for some limitations.

However, limitations were encountered in the present study. First,
participants were recruited from a hospital in the central region in Thai-
land. Therefore, the results may be unable to generalize to other re-
gions of Thailand or other countries. It should also be noted that in
both groups, the percentage of females was greater than that of males.
The sample size of 80 participants may limit the generalizability of the
findings. A larger sample could provide more robust data and validate
the results. Moreover, the use of treatment-as-usual control limited the
interpretation of the training effects found. An improved design incorpo-
rating active control may better clarify the nature of the training effects
found. Quite possibly the improvements in cognition and mood could
have been attributed to nonspecific effects and from factors such as other
interventions that may have formed part of a patient’s routine manage-
ment or CT undertaken by participants of their own accord. Another
limitation of this study is that the authors did not check how long and
to what extent the participants conducted their homework. For future
studies, a homework-diary should be implemented to control intensity
and determine total time spent on the cognitive homework. In addition,
sample size, longitudinal follow-up (at least 7 to 14 years especially to
assess the improvement of IADL and higher intensity CT should be im-
plemented. A meta-analysis suggested that the CT showed better effec-
tiveness with weekly training sessions >3 times weekly, totaling training
weeks >8 weeks, and total training session >24 sessions among healthy
older adults [50], could be extended in future studies to strengthen out-
comes. Moreover, future research should include other potential modifi-
able and non-modifiable risk factors that might interfere with cognitive
function such as metabolic diseases, atrial fibrillation, current medica-
tion and supplement use, family history of neurocognitive disorder and
ApoE4 genetic [51], brain imagery techniques and biomarkers to iden-
tify the specific aspects related to cognitive improvement in CT.

5. Conclusion

To summarize, the current randomized controlled trial provided ev-
idence that the TEAM-V Program was effective in improving global cog-
nition. Although the program did not show significantly improved anxi-
ety, depression and IADL compared with that of the control group, mem-
ory and attention in the intervention group tended to improve compared
with baseline. Further studies incorporating a larger sample size, longi-
tudinal follow-up and higher-intensity CT should be conducted. Inter-
estingly, the program could be easily implemented across a variety of
settings, and may even enable healthy older adults to continue engage-
ment in inexpensive and practical CT.
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