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Abstract

Brain exercise is important to maintain and improve cognitive functions in older adults. Most Thai brain training
programs have been developed for higher socio-economic status groups in urban areas rather than older rural
adults. Therefore the development of an effective brain-training program for older rural people was indicated.
This quasi-experimental study aimed to examine the effects of a combination multi-component stimulation
program on rural Northeast Thai elders. Fifty older adults in Northeastern Thailand were divided into a control
group and intervention group equally. The study instruments were the general information sheet, Montreal
Cognitive Assessment (MoCA) Thai version with inter-rater reliability of 0.86, and the Brain Exercise program
with content validity of 0.90. The average age of the participants in the intervention group was 68.08 years
(standard deviation (SD) = 5.70) and the control group was 69.14 years SD= 5.64. The study results showed that
post-intervention cognitive scores of the intervention group were significantly higher than at baseline (p
=0.000"). Also, the post-intervention cognitive scores of older adults in the intervention group were
significantly higher than those in the control group (p = 0.042"). The results indicated that the Brain Exercise
program could be applied to improve cognition, especially in healthy young-old age groups.
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1. Introduction

Thailand’s elderly reached 16.5% of the population in 2016, with further projection that the country would
achieve complete aged society status in 2021 [1]. Age is the most common risk factor for dementia, with the
probability of dementia increasing from 1 in 1000 for people younger than 65 years, to 1% for people aged over
60 and closer to 25% for people over 85 years [2]. Deary et al. (2009) [3] and Miller et al. (2013) [4] report that
a particular concern among older adults is increasing dementia risk due to increasing age and progression of
age- related memory impairments. Dementia presents as degeneration in cognitive and memory function, and
behavior and is the major cause of dependency among older people [5]. Consequently, it is increasingly difficult
for affected older adults to continue their routines and to communicate or interact with others. They are liable to
get confused even in familiar environments, and show emotional and behavioral changes [6]. Dementia impacts
not just elders, but also their families, caregivers, economy, and communities [5]. Alzheimer’s Disease
International estimated globally that there were around 46.8 million persons with dementia in 2015, and due to
increasing longevity this number would double every 20 years, or new patients would be diagnosed every 3.2
seconds [7]. The number of older people with dementia in Asian countries are around 22.9 million [7]. Thailand,
is expected to have 1.12 million patients in 2030 and 2.08 million by 2050 [2]. Dementia can significantly effect
older people’s quality of life [7], and significantly increase health care costs [8]. This rapidly growing elder



demographic calls for public health service systems to gear up prevention efforts for early screening and follow-
up planning to handle this emerging challenge.

Previous research has found cognitive stimulation activities effective for resisting cognitive decline, reducing
the occurrence of dementia, or retarding its severity [9]. Cognitive stimulation activities can prevent or slow
cognitive regression resulting from nervous system denervation, and stimulate cognition and brain reserve
[10,11]. Cognitive stimulation activities include various fun activities, such as playing Sudoku, chess, and cards.
Even though some activities can be done by individuals, previous studies support group activities as better than
individual activities [12,13].

Cognitive stimulation programs or brain exercise programs vary by length of program, kinds and numbers of
activities, and program formats. Program lengths may last 10-12 h over a couple days, 30 to 90 min weekly, and
up to 375 h over 2 years [13]. Different programs have integrated diverse activities, such as physical exercise
and social activities, examples include; Tai Chi exercise 3 times a week [14], Reality Orientation Therapy [13],
computerized brain exercise programs [4], combined physical activity with cognitive practice with a one-year
follow-up [15]. However, most programs integrate cognitive stimulation with physical exercise with a length of
5-30 weeks [15,16]. One interesting result is that a social activity and cognitive stimulation program for 1 h, 3
times a week or 20-25 min a day at least 5 days a week, was related to a statistically significant increase in brain
volumes [4,16].

Thai cognitive stimulation research with healthy older people and those with mild cognitive impairment
(MCI) have taken different forms and durations, including computer use, home-based practice, facilities-based
practice, and video game exercises. For example, a study conducted by Pratoomtan among 11 older people with
MCI in Northern Thailand, using a home-base cognitive training kit found increased cognitive ability over pre-
program baseline [17]. This home-based practice program focused on memory, attention, and executive
management, for 18 sessions over 6 weeks [17]. Other programs addressed cognitive practice, attention,
memory, and executive management [18]; memory enhancement with 1 to 1.5 h sessions spread over 7 weeks
[19]; and aerobics [20]. In 2016, the Thai Institute of Geriatric Medicine provided a set of manuals for cognitive
stimulation programs for people with mild cognitive impairment, i.e., twice a month, for a 3 month duration
with 6 activities [21]. Later, a computer-based cognitive training program was developed by Chaikham et al.
(2016) [22] that included six categories (visuospatial skill, working memory, abstraction, sequencing,
categorization, and orientation). Leethong-in and colleages [23] extended these activities to include physical
fitness and brain exercise, with home-based continual practice review with equipment for 5 weeks (once a week,
3 h per a time). The study was conducted among 23 healthy older people living in urban areas in Northeastern
Thailand. The promotion of communication channels and practice stimulation among elders and caregivers was
also introduced through the telephone application, LINE. The results showed higher Montreal Cognitive
Assessment (MoCA) scores at weeks 10, 14, and 18 (follow-up) than at pre-program baseline. Most brain
training programs for Thai elders have been designed for higher socio-economic, educated groups in urban areas
with easier affordability and higher accessibility to electronic technologies than elders in rural areas [23]. Only
one research study with rural Thai elders was found. Pratoomtan studied 11 elders MCI living in northern
Thailand. Using a home-base cognitive training kit they found higher cognitive ability scores post-intervention
than at pre-program baseline [17].

Given limited research with rural Thai elders this study was designed to evaluate the effects of a modified
integrated brain exercise program on cognitive function among this rural demographic. The multi-component
program incorporated activities from prior research studies including elements of the Baddeley and Hitch model
[24], Reality Orientation Therapy (ROT) [25], neurobic exercise, physical activity, and interactions with others
via social participation.

2. Materials and methods
2.1 Research design

This study used a quasi-experimental group comparison design. Forty-five persons over 60 years of age
living in two rural provinces of northeast Thailand participated; treatment group (24), control group (21). Data
was collected between April and August 2017.

2.2 Participant selection

The required sample size was calculated using Schlesselman’s formula (1973); test power was set at 95%,
with reliability at 0.05, standard deviation (SD), and mean difference between the intervention and control
groups, according to previous research articles [26]. To cope with possible participant attrition, 20% allowance
was then added to obtain a sample estimate of 25 persons each group [27]. The participants were drawn from 2
provinces following inclusion and exclusion criteria as follows.



Inclusion criteria were: 1) being 60 years old or greater; 2) not getting a positive result from the Mini-Mental
State Examination Thai 2002 (MMSE-Thai 2002) [28]; 3) being literate in Thai; 4) being able to engage in
physical exercise; 5) not being at risk of falling, based on Timed Up and Go Test (TUGT) [29] criteria; and, 6)
being willing to cooperate in the research.

Exclusion criteria included: 1) missing 2 consecutive program sessions; 2) having an illness or diseases
affecting body movement or cognition, including uncontrollable cardiovascular diseases, ataxia, uneven gait,
knee pain, disorientation, dizziness, auditory hallucination, and illusions, and 3) medical history of using
nervous system agents, including tranquilizers, at least 1 week before and during the research.

Simple random sampling was conducted by drawing lots without replacement. The draw was based on lists of
dependent older adults from sub-districts out of municipalities to prevent bias. The first sampling from an Isan
province became the control group. The second sampling from another Isan province became the intervention
group. Thirty potential participants were obtained for each group. Then, all eligible participants were screened
by the research assistants using the screening evaluation instruments. There were ten persons excluded due to
Thai illiteracy (2 persons), at-risk for falls (2 persons), dementia risk (2 persons), and unwilling to cooperate in
this study (4 persons). Therefore, 25 participants met the criteria to join each group.

During the implementation phase, four participants withdrew from the control group; two did not engage in
activities in the second session, and the other two became unwilling. The intervention group lost a participant
since the participant joined the program sessions less than two times. Finally, 21 persons participated in the
control group and 24 in the intervention group as illustrated in Figurel.

Sample screened

(n=60)
[
Sample included Sample excluded (n=10)
(n=50) Thai reading writing disabilities: 2
I TUGT >125s:2
' ' MMSE < 17:2
Control group Treatment Unwilling to cooperate : 4
(n=25) group
Withdrawal : 4 Withdrawal : 1
(2ill, 2 refused assessment) (Participation < 2)
Completed trial Completed trial
(n=21) (n=24)

Figure 1 Participant selection process.
2.3 Intervention

All participants in the intervention group received the brain exercise program. The program was based on the
multi-component Baddeley and Hitch model [24] that focuseed on many aspects including perception, attention,
calculation, language, recall, visuospatial and executive management through to memory development. The
program was also included Reality Orientation Therapy (ROT) [25] which focused on cognitively stimulating
activities. The program was carried out as group activities, 3 h a week for 5 weeks. Weekly program details
were as follows;

Week 1: Prevention of Dementia (Knowledge of dementia)

The activities included group introduction, information about causes of dementia, treatments and prevention,
and games to aid the memory of older people such as Knowing Each Others game.

Week 2: Here and now (Attention, memory, calculation and language practice)

The activities included orientation (to date, time and place), physical exercises including Tai Chi, streching
exercise, paring card games. The card paring game helps to stimulate memory. The participants were asked to
practice this week’s actitives at home and record those practiced activities in a homework book given by the
researchers.

Week 3: Come back home (Visuospatial practice)



The activities consisted of orientation to date, time and place, Tai Chi, neurobic exercises and mathematic
related games. The participants were asked to continue practicing Week 3 activities at home and record in the
workbook given.

Week 4: Management (Executive practice)

The activities included orientation, Tai Chi, and games such as Dominoes, and Mazes. The purpose of these
activities were to help improve older adults’ planning and management skills.

Week 5: Wrap up (Attention, memory, calculation, language, visuospatial and executive practice)

This week’s activities included homework review, orientation, Tai Chi and games such as card matching.
Participants were also asked to close their eyes and use their hand to feel an object in a bag and guess a name of
the object.

The content of the brain exercise program manual and activities were validated by three experts: one
psychiatrist and two geriatric nurses, giving a content validity index of 0.90. Then, the program was pilot tested
with 3 older adults who met the participant inclusion criteria. After ascertaining that these older adults
understood the program and could perform all activities, the program was applied with the experimental group
for the research.

The intervention was carried out in the central display place of a village of a rural province in northeastern
Thailand. Participants of the intervention group were divided into small subgroups (5-7 persons per each). Each
subgroup was led by a primary trainer who is a researcher from the research team and a 1 to 2 co-trainers.

For the control group, a 1-day program was held including activities like the 5-week program but shorter.
Control group participants also received a manual for home activities and equipment for brain training at homes.

2.4 Data collection

The cognitive function of the participants in the intervention group were assessed individually by research
assistants using MoCA [30] on the first week before program begins, and again after finishing all activities on
week 5 of the program in a private meeting room at the village center. MoCA has an established reliability of
0.86 in this research.

Participants in the control group were pretested for cognitive function individually by research assistants
using MoCA and assessed again after 5 weeks without being exposed to the brain stimulation program.

2.5 Data analysis

Descriptive statistics were used to analyze demographic data. Pretest and the posttest cognitive scores for each
group were compared by paired t-test analysis. The independent t-test was used to examine the mean difference
between the intervention and the control groups with the significance level set at 0.05. All analyses were
completed using SPSS (v 19.0, IBM SPSS Inc, Chicago, IL).

3. Results and discussion

The average ages of participants in the intervention and the control group were 68.08 years (S.D. = 5.70) and
69.14 years (S.D. = 5.64), respectively. Almost all (98%) had completed primary education, just over half were
married (55%), and most (87%) had never joined a brain exercise program before. No significant difference was
found at baseline between the groups on the MMSE-Thai 2002, MoCA and TUGT tests (p > 0.05).
Demographic data of participants are presented in Table 1.

3.1 Outcomes: score differences between pre-and post- tests within control and intervention group

As shown in Table 2, there was a significant difference in overall MoCA scores from baseline to post-test for
the intervention group, [t = 5.517, p < 0.05, M = 15.42, SD = 3.84 and M = 18.17, SD 4.07, respectively).
However, only 3 of 7 subtests: visuospatial/executive, attention, and orientation were significantly different.
Other subtests: naming, language, abstraction, and delayed recall were not significantly different pre to post-test
(p > 0.05).

The intervention group had a significantly higher mean MoCA score than that of the control group at post-test
(t = 2.095, p < 0.05), with an effect size at 0.68. However, only the visuospatial/executive subtest score was
significantly higher than the control group (t = 5.816, p < 0.001). There was no difference between the groups
on naming, attention, language, abstraction, delayed recall, or orientation sub-tests. See Table 3.



Table 1 Baseline between-group comparisons of sociodemographic and clinical data (n=45).

Characteristics Interventions (n=24) Controls (n=21) P-value
Mean age (years, SD) 68.08 (5.70) 69.14 (5.64) 0535°
Gender: Male: Female 0:24 3:18 0.094°
Education 4 years: higher 24.0 201 0467°
Marital status: Married: Windowed 14:10 1110 0.688°
Members senior club: not member 14:10 9:12 0300°
Exercise : not exercise 17:7 183 0231°
Prior brain program: never 420 2:19 0400°
Risk of falling TUGT) 1116 (099 1147 (065 0237%
MMSE score 2196 347 2176 2.76) 08342
Baseline cognition (MoCA) 1542 3.84) 14.76 3.60 0560°
= Visuospatial Executive 092 (1.02 0.86 0.73 08252
= Naming 2.38(0.88) 2.000.95 01752
= Attention 313157 343 (147 0508°?
= Language 0.29 0.69 033058 08292
= Abstraction 021041 0.19 (040 08852
= Delayed recall 204 (190 152 (154 0325°
= Orientation 546 0.78) 543 068 0.893°

Note. TUGT=Time Up and Go Test, MMSE-Thai 2002- Mini-Mental State Examination Thai 2002, MoCA- Montreal
Cognitive Assessment.®: Independent t-test, ®: Chi-square test, . Fishers exact probability test.

Table 2 Pre to post-test comparison of the Montreal Cognitive Assessment (MoCA) scores for the intervention
group. Pair t-test (n=24).

Outcomes Baseline Post-intervention t P.value
X SD X SD

Total MoCA score 1542 384 1817 407 5571 <0.001++
Visuospatial/Executive 092 102 188 0.95 4337 <0.001=*
Naming 238 088 254 072 1446 0162
Attention 313 157 379 147 2436 0.023+
Language 0.29 0.69 042 058 1000 0328
Abstraction 021 041 0.25 061 0440 0664
Delay recall 204 190 250 189 1123 0273
Orientation 546 0.78 579 051 1881 0073

Statistically significant at «p <0.05, ** p<0.001.

Table 3 Comparison of post-test intervention and control group MoCA scores T-test (n=45).

Variable Intervention Control t P.value Mean of SE
(n=24) n=21) differences
X SD X SD ©95%C.l)
Total MoCA score 1817 407 1571 373 2.095 0.042+ 245 0.09, 481 117
Visuospatial/ 188 0.95 048 0.60 5816 <0.001+ 140091, 188 024
Executive
Naming 254 072 243 0.75 0516 0.608 0.11¢-0.33,055) 022
Attention 3.79 147 348 125 0.768 0446 032 051,114 041
Language 042 058 038 0.80 0172 0.864 0.04 (0.38, 0.45) 021
Abstraction 0.25 061 029 046 0219 0828 -004 036,029 016
Delay recall 250 189 190 148 1165 0.251 0.60 (044, 163 051
Orientation 579 051 576 054 0.190 0.850 0.03 0.29, 0.35 0.16

Statistically significant at «p<0.05, =+ p<0.001.

This study is the first to investigate the effect of the brain exercise program in older rural Thai adults in
Northeastern Thailand. The results revealed that the mean cognitive scores of the intervention group were
significantly higher than those of the control group after the 5 week study period. There were improvements in
diverse aspects of their brain functions including learning skills, memory, and thinking process. The high



cognitive scores could be explained by the fact that intervention group participants had continually practiced the
exercise activities as instructed every week. Persistent engagement with the activity log over the 5 weeks could
also have led to their increased perceived self-efficacy, reflected in their feedback when they had completed
activities and shared achievements with their fellows , they felt confident and enjoyment [31]. In discussion with
the group leader, participants reflected how much they enjoyed the activities saying that “I just want to see if |
can master the task.”, “I carry them wherever I go”, and “They are fun and joyful.”

The self-regulation of continuing practice facilitated thinking repetition until memory consolidation process
takes place [32]. Regular mental and instrumental support from participants’ families was also crucial. It was
also found that breaking participants into small groups to establish close relationship better facilitated their
engagement in the exercises and their eagerness for participation. This finding is similar to previous research
studies which found that older adults in a nursing home who attended 14 sessions of cognitive stimulating
program (7 weeks) had higher cognition scores than those who did not attend the program [33]. Also, the results
of the current study were consistent with those of prior studies examining the effectiveness of cognitive training
program among Thai older adults both those with dementia risk and those with normal health [18,23].

Brain exercise program have consistently proven to be beneficial for older adults. In this study, we found that
participants in the intervention group had significant increases in executive management function and attention
compared to baseline. The result could be explained by the arrangement of the exercise activities ordered from
easy to harder tasks, i.e., ordering numbers, domino, molding figures, puzzles, pairing cards, calculating from
leaflets, and neurobics exercise. Also, the nature of the activities were designed to be congruent with the
parcicipants’ life context. This finding is consistent with a previous study which found that older adults with
normal health had higher cognition in the aspect of executive management [23]. This result , however, is not
consistent with a similar study examining the effects of cognitive stimulation in older people with mild
cognitive impairment where there were no significant differences between pre and post-intervention cognitive
scores [21].

For the rest of the cognitive function outcomes, there was no significant difference between groups for
naming, attention, abstraction, delayed recall, and orientations, though adjusted percentages of initial values
showed higher percentage score for the intervention group than the controls in all those aspects, except abstract
concepts. This findings might be explained by the numbers of practice and activity forms, whether the activities
were implemented continually and in what order. MoCA was the only the cognitive evaluation instrument used
in this study, and its focus mostly on activity repetition might not adequately assess cognitive function in
northeastern Thai contexts. In fact, according to the literature review, most studies in this area have typically
relied on more than one cognitive evaluation instrument [11].

4. Conclusion

Our results indicate that a brain exercise program can provide cognitive benefits for older adults in
Northeastern Thailand. This combination brain exercise program is not complicated and can be incorporated
into daily living activities in rural life contexts. Itcould also be used in aging preparedness programs and other
health promotion activities for promoting sustainable well-being in communities. Longitudinal studies would
also be useful to examine continuing brain exercise practice effects, alongside the role of good nutrition., proper
rest, reducing negative emotions, in promoting quality of life for elders.

Possible research limitations include short duration for data collection might assist participants’ memory for
assessment questions and might even engender celling effects. External cognitive stimulation possibly occurred
in daily situations and environments beyond the researchers’ control.
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