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Abstract

Background: A person is increasingly at risk for cognitive function decline with increasing age. Brain-derived neurotrophic factor (BDNF)
and dopamine levels are thought to correlate with cognitive function. A combination intervention may more effective at increasing cognitive
function than single intervention. This study aims to evaluate the effect of heart exercise and anagram training combination on cognitive
function, BDNF, and dopamine levels in the elderly over 12 weeks.

Methods: We conducted a preliminary study using a quasi-experimental study. Twenty elderly participants were included in a combined
intervention group (10 participant) to join heart exercise and anagram cognitive training three times a week for 12 weeks, and in a single
intervention group to join anagram cognitive training (N=10). Outcomes were measured 12 months after the intervention. Outcome measures
included cognitive function, brain-derived neurotrophic factor (BDNF), and dopamine levels. Cognitive function was evaluated with the
Montreal Cognitive Assessment (MoCA).

Results: Both groups demonstrated a significant cognitive improvement before and after intervention (p < 0.05), but the combined
intervention group showed significantly greater improvement than the single intervention group (p = 0.001). No significant improvements
in BDNF or dopamine levels were observed among the groups (p > 0.05).

Conclusions: A combination of anagram cognitive training and heart exercise was found to significantly improve cognitive function levels
in elderly participants, but not their BDNF or dopamine levels.
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INTRODUCTION

The elderly population around the world is growing annually[1], with Indonesia having the eighth largest elderly population[2].
Around 5.1%-41% of elderly individuals globally have cognitive impairments[1], with the mean cognitive score of elderly people
in Indonesia, as measured through a telephone survey of cognitive status (TICS), being 14.7 out of a maximum score of 34[3].
As people age, their cognitive function tends to deteriorate[4], [5], with cognitive impairment being one of the most common
issues among the elderly population.

Cognitive changes in the elderly are associated with alterations in brain structure and function, without necessarily leading to
neural death, synapse loss or neural network dysfunction[5]. Nevertheless, not all cognitive functions deteriorate with age[5],
with some elderly individuals retaining cumulative knowledge and experiential skills into their later years[5]. Cognitive changes
in the elderly involve changes in brain-derived neurotrophic factors (BDNF) and dopamine levels[6]-[13].

Brain-derived neurotrophic factor (BDNF) is a factor that regulates cognitive function both under normal and pathological
conditions related to learning and memory[12]. BDNF is essential for maintaining the survival of nerve cells and plasticity
synaptic connections[12]. Moreover, BDNF regulation varies greatly among individuals[12], with a decrease in BDNF levels
being observed in elderly individuals with cognitive impairment[13].

Dopamine is one of the neurotransmitters in the brain that plays a role in cognitive function[14], regulating six cognitive skills
vital to human language and thinking, including motor planning, working memory, cognitive flexibility, abstract reasoning,
temporal analysis/sequencing, and generativity[15].

Anagram training is one of the cognitive training interventions believed to enhance cognitive functions such as attention,
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concentration, or memory[16]. These interventions might be applied to elderly individuals, though their efficacy remains
uncertain. Cognitive intervention usually consists of cognitive training, cognitive rehabilitation, and cognitive stimulation[17],
[18], with cognitive training and stimulation interventions possibly providing better outcomes than cognitive rehabilitation with
regards to cognitive function in the elderly[19]. Despite this, a systematic review and meta-analysis study found that cognitive
interventions only had a minimal effect on global cognitive function among patients with mild cognitive impairment[20], with
no effect on global cognition of patients with cognitive decline[21]. Memory anagram therapy, however, has been proven to
improve cognitive function among the elderly[22]-[24], while interventions such as brain gym and exergame have not been
shown to be effective[25]. Moreover, cognitive interventions need to be tailored to the sociodemographic of the elderly to
increase their efficacy in improving cognitive function[25].

Physical exercise is widely recommended for elderly individuals[26], with some research suggesting that it can improve
cognitive function, although there is still controversy regarding its effect on BDNF levels[26]. Moderate intensity aerobic and
resistance exercise have been found to be more effective for improving executive cognitive function among older individuals
than high intensity aerobic exercise[26], although high-intensity aerobic exercise does show more benefit for improvements in
information processing speed[26]. Ultimately, the design of physical exercise must be tailored to the individual needs of the
elderly.

A cross-sectional study found that a combination of high physical activity and high cognitive activity, high physical activity
and low cognitive activity, or low physical activity and high cognitive activity could better improve cognitive impairment than
low physical activity and low cognitive activity in the elderly[27]. However, a randomized control trial study found that a
combination of aerobic exercise and computer cognitive training in 12 weeks did not improve global cognitive function[28].
This study will examine the efficacy of a combination of anagram cognitive training and series 1 heart exercise, developed by
the Indonesian Healthy Heart Foundation, in improving cognitive function, BDNF, and dopamine levels within 12 weeks. It is
hypothesized that this combination will be beneficial in this regard.

METHODS

The protocol was approved by the local ethics committee of the Faculty of Medicine Universitas Diponegoro and conducted in
accordance with the principles of the Declaration of Helsinki. All participants provided written informed consent prior to
participating in the study.

This quasi-experimental study recruited 20 elderly individuals residing in nursing homes located in West Java, Indonesia. They
were divided into two groups (combined intervention group; N=10, single intervention group; N = 10) based on the nursing
home they lived in. Inclusion criteria included being able to perform the physical activity and being over 59 years old. Exclusion
criteria included severe dementia, Alzheimer's, depression, and mental disorders.

Cognitive function analysis and blood collection for BDNF and dopamine analysis were conducted before and after the
intervention on the same day. Cognitive function was evaluated using the Montreal Cognitive Assessment (MoCA), a screening
tool that assesses various domains of cognition such as attention, executive function, memory, language, visuospatial skills,
conceptualization, calculation, and orientation, with a total score range of 0-30. The MoCA score was measured by a researcher
who was blinded to the study.

Blood samples were taken from the antecubital vein of subjects before and immediately after the intervention (12 weeks) and
sent to the clinical laboratory to measure BDNF and dopamine levels. These levels were analyzed using enzyme-linked
immunosorbent assays (ELISA’s), with the BDNF level expressed as nanograms per milliliter and the dopamine level expressed
as nanograms per milliliter.

The subjects in the single intervention group were given anagram cognitive training three times a week over a 12-week period.
The combined intervention group was given a series of heart exercises developed by the Indonesian Healthy Heart Foundation,
as well as anagram cognitive training. The heart exercise and anagram training combination were administered three times a
week on the same day for 12 weeks in a group setting. The heart exercise was to be performed outdoors, while the anagram
training was to be done indoors. The exercise was supervised by a professional heart exercise trainer and was conducted at 7
o’clock for 20 minutes, after which the subjects continued with 15 minutes of anagram training. The subjects were instructed
to follow the movements of the trainer during the exercise and to perform the exercise with a regular rhythm. The exercises
consisted of walking and running movements, as well as movements involving the hands, feet, head, and body. For the cognitive
anagram training, the researchers gave 10 new words commonly used in daily life to the subjects every three weeks. The subjects
were then tasked with rearranging the words into as many new words as they could.

Categorical variables were reported as frequencies and percentages, with Fisher exact tests utilized when appropriate. The
Shapiro-Wilk test was employed to confirm the normal distribution of all continuous variables, expressed as mean and standard
deviation (SD). The study employed within-group analysis (Paired-sample T-test and Wilcoxon test) to compare the cognitive,
BDNF, and dopamine levels before and after the intervention. Intergroup analysis (Independent sample t-test and Mann-
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Whitney U test) was employed to evaluate the effects of the heart exercise and anagram cognitive training combination on the
cognitive function delta, BDNF delta, and dopamine delta.

RESULTS

Twenty subjects participated in this study, with the combined intervention and single intervention groups being well-matched
for age, gender, education level, and hypertension history (Table 1). According to the logbook, all subjects in both groups
demonstrated excellent compliance with the anagram cognitive training. Observation revealed that all subjects in the combined
intervention group completed the heart exercise three times a week over a 12-week period.Graphical representation in Figure 1
illustrates the mean values of the cognitive function, BDNF, and dopamine in each group at baseline and after the intervention
period. Within 12 weeks, the combination of heart exercise and anagram cognitive training produced a statistically significant
increase in cognitive function, with the mean post-intervention MoCA score being 27.40+2.27, compared to 24.10+2.42 at
baseline (p=0.000). Similarly, the single intervention (anagram cognitive training) also yielded a statistically significant
increase in cognitive function, with the mean post-intervention MoCA score being 26.80+2.25, compared to 25.30+2.36 at
baseline (p=0.000). The mean of BDNF decreased in the combined intervention group but increased in the single intervention
group, though the changes in both groups were statistically insignificant (p>0.05). Lastly, the mean of dopamine in both groups
improved, yet failed to reach statistical significance (p>0.05).

Table 2 demonstrates that, in comparison to the single intervention group, the combined intervention group experienced a
statistically significant increase in cognitive function, but not in dopamine and BDNF levels. The mean of the cognitive function
in the combined intervention group increased up to 13.30 + 1.15, in contrast to the single intervention group's 1.50 + 0.52.

DISCUSSION

To the best of our knowledge, this is the first study to explore the effects of a heart exercise and anagram cognitive training
combination on cognitive function, BDNF, and dopamine levels. The study was conducted on elderly with an average age of
over 70 years residing in a nursing home. The participants were assessed in the cognitive domain, such as memory, language,
executive functions, visuospatial skills, calculation, abstraction, attention, concentration, and orientation, using the MoCA
instrument[29]. The results revealed that the mean MoCA score of cognitive function of the elderly in both groups prior to the
intervention was below 26, with no difference in cognitive function level between groups. The mean MoCA score of the elderly
indicated mild cognitive decline.

The cognitive function decline in the elderly can be attributed to the deterioration in brain structure and function[5]. It has also
been demonstrated that cognitive decline in the elderly involves decreases in serum levels of BDNF and dopamine[6]-[13].
The study found that, prior to the intervention, there were no differences in BDNF and dopamine levels between groups.

The study also showed that cognitive interventions in the form of anagram training can significantly improve cognitive function
as measured by MoCA, with a mean improvement of 1.5 points. This is in agreement with the results of a systematic review
and meta-analysis study, which concluded that cognitive interventions can improve global cognitive function[20]. In this study,
the cognitive intervention was conducted in the form of anagram cognitive training. The participants were trained to think,
remember, and make decisions by arranging as many words as they could using a language they were familiar with. The
cognitive intervention was tailored to the sociodemographic of the elderly to maximise its effectiveness on cognitive
function[25]. Prasetyo and Sukrillah's study also found that anagram therapy can improve cognitive function[24].

The study demonstrated that the combination of anagram cognitive training and heart exercise could increase the mean MoCA
score by 3.3 points, and this combination was found to be more effective at improving cognitive function than anagram cognitive
intervention alone. The mean delta difference in cognitive function scores between the groups was 1.8 points, which was
attributed to the synergistic effect of exercise and cognitive training[20].

The results indicated insignificant changes in dopamine and BDNF levels before and after the intervention in both groups. This
is in contrast to the findings of the Miyamoto et al study, which suggested that the combination of physical and cognitive
exercise can significantly increase BDNF in the elderly[30]. BDNF has been linked to learning and memory processes, while
dopamine is a major factor in aspects of language and thinking, such as motor planning, working memory, cognitive flexibility,
abstract reasoning, temporal analysis/sequencing, and generativity[12], [15]. The results showed that anagram cognitive
training could increase BDNF by 1.94 ng/ml and dopamine by 9.20 ng/ml, while the combination of exercise and anagram
cognitive training could decrease BDNF by 3.41 ng/ml but increase dopamine by 10.10 ng/ml. Although BDNF decreased in
the group that performed the combination of exercise and cognitive anagram training, their cognitive function was better than
the group that performed anagram cognitive intervention. This could be attributed to the higher increase in dopamine in the
combined intervention group, which was found to be.

There was a limitation of the study. While there was a high homogeneity characteristic between the groups and there was no
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drop out of the subjects of the study, the sample size of the study was very small. We believe that our findings will encourage
future investigation with larger samples.

CONCLUSION

The study represents that combination of heart exercise and anagram cognitive training can significantly improve cognitive
function, but not in BDNF and dopamine levels Combination of aerobic exercise and anagram cognitive training can improve
cognitive function better than anagram cognitive training.
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Table 1. Characteristic of the Subjects

Characteristics Combined intervention Single P
group intervention group

Subject 10 10

Gender 0.325

Male 3 (37.50) 5 (62.50)

Female 7 (58,30) 5 (41.70)

Education 0.500

High education 1(33.30) 2 (66.20)

Low education 9 (52.90) 8 (47.10)

Age (year) 71.80+£7.22 70.90 = 8.57 0.803

History of 2 (33.30) 4 (66.70) 0.314

Hypertension

Data are presented as mean * standard deviation and frequency (%)

Table 2. Results for delta of cognitive function, BNDF, and dopamine

Delta (12-0 weeks) Combined Intervention Single P
Group Intervention Group
Cognitive function 3.30£1.15 1.50 +£0.52 0.010*
BDNF (ng/ml) -3.41+£7.22 1.94+7.28 0.116
Dopamine (ng/ml) 10.10+£21.34 9.20+15.71 0.916

Data are presented as mean + standard deviation. * Significant. BDNF, Brain-derived neurotrophic factor.
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Figure 1. Comparison of cognitive function, BDNF, and dopamine between baseline and after the twelfth week’s intervention
program. (a) Compared with the baseline, cognitive function at the twelfth weeks of combined and single intervention groups
showed significant difference (p = 0.000), but (b) insignificant difference in dopamine level (combined intervention p = 0.169,
single intervention group p= 0.126) and (c) insignificant difference in BDNF level (combined intervention p = 0.169, single
intervention group p= 0.421) BDNF, Brain-derived neurothropic factor, MoCA, Montreal Cognitive Assessment
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