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Abstract

This study used a quasi-experimental single-group time series design to compare the effects of a
physical activity and brain exercise program on the cognitive ability of healthy Thai elders. It was
conducted from December 2015 to May 2016. A purposive sample of 23 people of over 60 years of age
was used. The research instruments consisted of 1) the Mini-Mental State Examination Thai 2002
(MMSE-Thai 2002), 2) the Montreal Cognitive Assessment (MoCA, Thai version), and 3) the physical
activity and brain exercise program devised for this research. The program components were validated
and reviewed by 3 experts and yielded a content validity index (CVI) of 0.96. Participants attended the
program 8 times (3 h each) over 5 consecutive weeks. Subsequently, participant follow-up progress
reviews were done in weeks 10, 14, and 18. Data were analyzed using descriptive statistics and ANOVA
with Wilcoxon matched-pairs signed-rank test and repeated measures ANOVA. Results revealed that the
average score for cognitive ability (Mental State and cognitive function) in weeks 10 and 14 and at
follow-up in week 18 were statistically significantly higher (p < .05) than the baseline. Recommendation:
the physical activity and brain exercise program could improve cognitive ability and should be included
in health promoting activities in elders’ clubs or senior schools in the future.
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Introduction

Dementia is an increasingly common condition in the elderly. The World Health Organization [1]
reports that there are 47.5 million people with dementia worldwide, and there is an annual increase of 7.7
million new cases. This number is estimated to double by the year 2030. Likewise, the Thai National
Health Examination Survey of 2008 - 2009 found 12.8 percent of the elderly, or about 880,000 persons,
were affected by dementia, with the incidence doubling within successive 5 year age groups. The 60 - 69
age group had a 7.1 percent incidence, and this increased to 32.5 percent in those above 80 years of age
[2]. It is estimated that dementia prevalence in Thai elders will rise to 1.1 million in 2030 and to 2.0
million by 2050 [3]. The impacts of dementia do not affect only the patients, but also affect
caregivers/families, both economically and socially, depending on symptom severity [4,5].

In early stage dementia, there is a change in the connections between the hippocampus and the
prefrontal cortex, leading to changes in cognitive abilities, including losses in short-term memory,
attention, language, orientation, calculation, spatial ability, and executive function [6], with further
declines as aging continues [7]. The volume of caudate and putamen drops by about 3 percent every ten
years, resulting in a decrease in working memory. The gap between the lobes of the brain becomes wider
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[8]. Hippocampus volume also declines, so attention and explicit executive function are also affected
[9,10]. A study with healthy Thai elders revealed low scores in 5 cognitive functions; attention and
calculation, recall, repetition, writing, and visuo-constructional skills [11]. If dementia in the elderly can
be delayed by one year, its prevalence will drop by nearly one million; if it is delayed for 2 years, the
number of new cases will fall by more than 2 million [12]. The prevention of dementia in the early stage
will help delay brain degeneration [13]; thus, maintaining cognitive function in elders is important.

Cognitive stimulation in healthy elders can be provided by a variety of fun activities that focus on
cognitive stimulation and social interaction. These activities can be performed by the elderly themselves
or by interacting with others in small groups [14,15], with the intent of improving or maintaining
cognitive ability [16] or to prevent or delay its worsening [17-19]. In addition, activities such as Tai Chi
[20,21] and physical training [22] also affect cognitive ability, especially memory [16,20,23-25].

It has been shown that combined cognitive and physical activity for a period of 5 to 30 weeks and 5
years can increase cognitive function in older persons, with cognitive activities preceding physical
activity exercises [20,22,26]. Furthermore, elders attending physical activity programs, combined with
cognitive training programs, had higher post-program cognitive scores at 1-year follow-ups compared to
those who received only cognitive training programs [26].

Researchers have investigated and conducted effective programs to enhance cognitive function,
with healthy Thai elders using a number of significant activities [25,27-29]. These activities included
mostly cognitive stimulation activities, such as those with a focus on memory [27-29], attention [28,29],
and executive function [25,27]. A previous Thai study combined physical activity with a cognitive
training program with mildly cognitive impaired participants over 50 years of age [30]. Studies focusing
on rehearsal activities, such as in exercise books, are still rare [25]; many studies showed that memory
scores increased. However, orientation, attention, recall [27], and executive function did not increase [29].
It is considered that the existing level of knowledge of interventions suggests the need for more research
to explore the impact of such a program on the cognitive functions of Thai elders.

According to the Atkinson-Shiffrin model [31], memory has 3 components; encoding, storage, and
retrieval. The sequences of information flow through sensory memory, working memory with rehearsal
and, finally, encoding and storage in the long-term memory for retrieval. Neurobic exercise refers to the
integrated activities of the 5 physical senses and of emotional sense in daily chores, which activate
underused nerve pathways and create direct connections in the cerebral cortex that can improve memory
[32]. Social networking activities and positive emotions during social interactions may benefit cognitive
functioning [33]. Furthermore, cognitive activities that consist of multiple activities, flexibility, and tasks
of daily living likely enhance cognitive function more than a single activity. Therefore, integrating
knowledge based on the Atkinson-Shiffrin model, Tai Chi, neurobic exercise, and social networking,
especially interactions with others via mobile phone application (such as the INE application), may
improve healthy Thai elder cognitive ability. The aim of this study was to investigate whether a combined
physical activity and brain exercise program could promote cognitive ability in healthy Thai elders.

Materials and methods

Design and setting

The study used a single-group time series design to investigate the effect of an integrated physical
activity and brain exercise program on a group of 23 healthy participants aged over 60. The study was
conducted between December 2015 and May 2016 within the municipal district of Khon Kaen Province,
Northeastern Thailand.

Participants and recruitment

There were 23 participants, all over 60 years of age. Most participants were female (82.6 %); 52.2
% were in the 60 - 69 years age group, and 43.5 % had at least primary education. Participants’
demographics are presented in Table 1.
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Table 1 Participants’ demographics (n = 23).

Variables n (%)
Age 60 - 69 yr 12(52.2)
>70 yr 11(47.8)
Gender Men 4(17.4)
Women 19(82.6)
Marital status Single 3(13.0)
Married 7(30.4)
Widow 13(56.6)
Educational status Primary Education 10(43.5)
Secondary Education 4(17.4)
Higher Education 9(39.1)

Participants were recruited via social media and advertising boards. Sixty potential participants
initially volunteered and were enrolled, prior to a screening evaluation. After they were informed about
the study, and had signed a consent form, demographic and health status data were collected, including
data on age, gender, occupation, career, address, membership, chronic disease history, exercise behavior,
and prior brain exercise program attendance. Participants completed screening assessments, which took
approximately 1 - 1.5 h. Fifty of the initial sixty volunteers passed the screening using the following
inclusion criteria: being over 60 years of age; having a depression score of less than 7 points; having an
activity of daily living score of at least 12 points; having a Time up and Go Test of less than 30 s; having
a Mini-Mental State Examination Thai 2002 (MMSE-Thai 2002) score of at least 17 points for those with
primary school education, and at least 22 for those with higher than primary school education [34]; being
able to use the LINE application on a mobile phone, having no illness or disease that affects body
movement or cognitive ability, and having no history of drugs that interfere with nervous system.

A sample size calculation was performed, informed by previous studies. We used an expected effect
size of 0.55 of MMSE improvement after the cognitive stimulation program. Using a power estimate of
80 %, and a confidence interval of 95 %, the estimated sample size was 22 participants. We added 10 %
(2 participants) to allow for possible loss or drop outs [35], giving a preferred sample size of 24.

Twenty-four of the fifty potential participants who passed the screening process were then
purposively selected to participate. Of these, 1 was eventually excluded, due to incomplete study
participation, giving an effective sample of 23.

Intervention: Physical activity and brain exercise program

The physical activity and brain exercise program, modified from a previous study [30], had 5
components; 1) provision of knowledge, 2) physical activity including stretching, Tai Chi, dance, and a 9-
square table, 3) cognitive stimulation through orientation and reminiscence, 4) multisensory stimulation
with post-session home practice rehearsal via 5 exercise books, and 5) ongoing group stimulation through
the cell-phone LINE group application “FitKai Brain Exercise”. Themed sessions involved memory,
attention, calculation, language, visual-spatial functions, and executive functions. The program was
validated by review with 3 experts with a content validity index level of 0.96. Program sessions were
facilitated by nurses or nursing students who had attended a program training workshop. Facilitators
supported, motivated, encouraged, provided resources, and checked the exercise books pre-post each
session. The eight 3-hour sessions were conducted over 5 consecutive weeks. Follow-up progress reviews
were done in weeks 10, 14 and 18.

Data collection
Two outcome measures were used in this study: the Mini-Mental State Examination Thai 2002
(MMSE-Thai 2002) and the Montreal Cognitive Assessment (MoCA, Thai version). Baseline measures
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were taken and follow-up progress reviewed at 10, 14 and 18 weeks. We used the MMSE-Thai 2002, a
version translated and validated in 2002. It consists of orientation, registration, attention/calculation,
recall, naming, repetition, verbal command, written command, writing, and visuo-construction items. The
total score was 30 points. The Cronbach’s alpha coefficient was .71. The Thai version of MoCA was
employed to assess the cognitive function on visuospatial/executive, naming, memory, attention,
language, abstraction, delayed recall, and orientation tasks [36]. The total score was 30 points (a score of
25 points or higher was considered normal).

Descriptive statistics were used to calculate participant demographics. The MMSE and MoCA
scores were tested for normal distribution by the Shapiro-Wilk test. If the outcomes between the baseline
and weeks 10, 14, and 18 were normally distributed, they were compared by Repeated Measures
ANOVA, and Bonferroni technique was used for pairwise comparison. If the data were not normally
distributed, Wilcoxon matched-pairs signed rank test was used, with a significance level set at .05. All
analyses were performed by SPSS.

Ethical review
The research protocol was reviewed and approved by the Human Research Ethics Committee of
Khon Kaen University (HE582279).

Results and discussion

The MMSE and MoCA levels at weeks 10, 14, and 18 were significantly higher than the baseline
(Table 2), with a p-value of < 0.001 and < 0.05, respectively. At week 18, the median MMSE level
increased from 26.00 at baseline to 29.00, while the MoCA also increased from 21.13 at baseline to
25.30. Clock drawing, one of the MoCA items, is used for measuring spatial dysfunction and monitoring
cognitive change. This visuospatial/executive score at week 10, 14 and 18 was significantly higher than
the baseline, with a p-value < 0.05. Figure 1 is an example of improvement by one participant in terms of
clock drawing.

Table 2 Median score of the Mini-Mental State Examination Thai 2002 (MMSE-Thai 2002) scores and
mean score of Montreal Cognitive Assessment (MoCA) scores at week 10, week 14, and week 18
compared with baseline (n = 23).

MMSE MoCA
Median (IQR)* Mean (SD)**

Baseline 26.00(3.50) 21.13(4.00)
Week 10 28.00(2.00)* 23.00(4.08)°
Week 14 28.50(2.00)* 24.52(3.15)°
Week 18 29.00(1.00)* 25.30(3.28)"

*Analysis by Wilcoxon matched-pairs signed rank test; ** Analysis by Repeated Measures ANOV A with
Bonferroni; *indicated p-value less than 0.001; " indicated p-value less than 0.05.
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Figure 1 Example of one participant’s improvement in clock drawing at baseline, week 10, week 14, and
week 18.

The physical activity and brain exercise program increased cognitive ability in the MMSE and the
MoCA in healthy Thai elders when comparing from the baseline to an 18-week post-intervention
follow-up. The median score of the MMSE scores and the mean score of the MoCA scores increased
by 11.54 and 19.74 %, respectively. This is higher than the score reported in a Brazilian study
conducted in healthy elderly (MMSE score —0.26 %) [37], using a neurobic exercise study with 10
activities for 5 weeks (MMSE score 3.97 %) [28]. Furthermore, in a previous Thai study, the MoCA
score improved after 3 months by 13.58 % [30]. Our study indicated that the combined physical activity
and brain exercise supported cognitive function more than by doing only physical activity or brain
exercise, especially when the social activities were engaged with interesting activities [38]. There was a
focus on social activities which were fun, and which encouraged the participants to do activities and use
LINE group applications in their own homes. The elders also exchanged experiences, leading to self-
esteem, motivation, encouragement, and positive relationships among them.

In the present study, the practice was introduced in a gradual manner, in 8 sessions of 3 h per week
over 5 weeks, with “reboots” done in week 10 and week 14. It also led to learning and collaboration in
practice. When the activities were successfully done, the experience and the confidence in the elders’
ability were raised, for which they could continue to practice. Although there were no sessions during
weeks 14 - 18, they were still reinforced through LINE group activity and appointments for “friend-
helping-friend activities”. A program activities review in weeks 10 and 14 showed the participants
continuously performed the activities and were confident in their own abilities. In addition, they
supported the success of friends and their successful experiences. Similarly, participants had time to
practice, think, and continuously stimulate cognitive functions [16]. Our results were similar to a study of
nursing home elders who received cognitive training 2 times per week for 7 weeks. Their average
cognitive function score was higher than that of the control group [23].

Previous reports also found increased cognitive function over periods of 5 to 30 weeks and 5 years
from cognitive activities without physical activities [20,22,26]. Our participants differed from previous
studies in some respects; we enrolled healthy participants of 60 years or older, who lived in the
municipality, and used the LINE applications on smart phone. Another Thai study had used participants
of 50 years of age or older in a 3-month program [30]. Another study had participants with suspected
dementia who received training 3 times a week for 5 consecutive weeks [29], and a Korean study
included persons with mild amnestic cognitive impairment who participated twice per week over 12
weeks [39].

The low-cost program described in this study was found to be practically feasible in community
settings, e.g., in local temples. The cultural appropriateness of using familiar daily activities, related
workbooks for home work exercises, and LINE application support enhanced the elder persons’
motivation to continue in the program. The project team’s concern and respect for the elder persons also
contributed to the participants’ strong engagement in the program.
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Limitations of the study

The study was limited, since there was no comparison with a control group. Also, a threat to internal
validity, namely “testing”, may occur, since the educational level of most of the elderly tested was higher
than primary school. Therefore, when they were assessed repeatedly, they may remember the questions,
and this may affect the dependent variables.

Conclusions and recommendations

The program mainly consisted of cognitive stimulation, such as reality orientation,
reminiscence therapy, neurobic exercise, physical activity, and homework, to stimulate cognitive
functions. The program activities were designed for repetitive practice on specific cognitive tasks.
The participants would gain knowledge on how to live a healthy lifestyle to prevent dementia.
However, enhancing the roles of caregivers and family in the program in the future and testing it with
rural communities is recommended. The program is shown to be beneficial, is not complicated, and has
no detrimental consequences. Our findings suggest that multiple approaches and multi-cognitive
domains may produce the most benefits in healthy elderly, rather than focusing on one approach or a
single domain.  Further study should investigate other outcomes, such as physical, mental, and social
dimensions. Moreover, longer-term effects should be explored, as well as having a comparison group to
better understand the unique impact of the program.
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