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ARTICLE INFO ABSTRACT

Received: Apr 24, 2024 Human physiological function will decline with age, including a decline in

cognitive function. Brain-derived neurotrophic factor (BDNF) is one of the
Accepted: Jul 17, 2024 ne%rotrophins of the neurotrophic group. BDNF is i(nvolvegi in synaptic
development, plasticity, and cognitive function and is elevated in ischemic
stroke. So, this study aims to analyze the relationship between BDNF levels
and cognitive function in the elderly. This study was conducted in Gowa
Elderly Regency, Indonesia. The cross-sectional research design involved 64 older
BDNF adults aged 60 to 75. BDNF levels were measured by ELISA and cognitive

function using the Indonesian version of the Montreal Cognitive
Cognitive function Assessment (MoCA-INA) and were variables to be analyzed. Sex, age,
education level and occupation affected cognitive function, and there was
a strong correlation between BDNF levels and cognitive function. The cut-
off level of BDNF < 1.99 ng/mL had a sensitivity of 82.9% and a specificity
of 85.7% as a marker of cognitive dysfunction. Serum BDNF levels are
significant for cognitive function impairment in the elderly
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INTRODUCTION

The increase in the number of elderly yearly will cause an aging population. When individuals enter
old age, the brain's nerves begin to decline in the form of an inability to process new information and
retrieve information from memory. Therefore, the decline in cognitive function causes several
problems in older people (Prahasasgita and Lestari, 2023). There is an increase in the prevalence of
cognitive disorders along with age, where the prevalence of cognitive disorders, namely Mild
Cognitive Impairment (MCI) over the age of 60 years, is estimated to be around 42% worldwide (Hu
et al, 2017). The incidence of cognitive impairment in patients aged 75-79 is 22.5 per 1000. The
prevalence of Mild Cognitive Impairment in Asian countries reaches 17.1%, and in developing
countries, it is predicted to increase to 100% between 2001 and 2040 (Gillis et al., 2019). A person is
said to have a decline in cognitive function when showing three or more of the symptoms in the form
of disturbances in terms including attention, memory, the orientation of place and time, construction
and execution abilities (Klimova et al., 2017; Sheppard et al., 2020). The decline in cognitive function
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can be influenced by various factors, both from the individual and the environment (Zainotto et al.,
2018). Individual factors include age, gender, education level, genetic factors, and a history of
diseases such as stroke (Zhang and Bi, 2020; Farokhi-Sisakht et al., 2019)

Various biomarkers have been widely developed to detect cognitive impairment due to degenerative
processes as early as possible, one of which is brain-derived neurotrophic factor (BDNF) (Turana and
Handayani, 2021). Currently, the study of BDNF is still being developed. It is in demand because
BDNF has a vital role in long-term potentiation, a form of synaptic plasticity currently thought to be
along-term cellular model of memory (Cunha et al., 2010). Several clinical studies have shown a close
link between BDNF and the presence of cognitive impairment. A significant decrease in peripheral
BDNF levels due to aging is a predisposing factor for the clinical manifestation of dementia in old age
(Dogliotti et al., 2010). Optimism using BDNF as a biomarker is increasingly popular because there is
experimental evidence that BDNF can cross the blood-brain barrier so that peripheral BDNF levels
are the same as BDNF levels in the brain (Laske et al., 2007; Komulainen et al., 2008).

RESEARCH METHOD

This type of observational analytical research using a cross-sectional study design was conducted in
Bontosunggu Village, South Bontonompo District, Gowa Regency from August to December 2024.
with the criteria of the elderly who are 60-75 years old, do not have mental disorders and can read
and write.

The sociodemographic questionnaire and the Indonesian version of the Montreal Cognitive
Assessment Instrument (MoCA-Ina) were used to collect data. The sociodemographic questionnaire
includes age, gender, marital status, education level, occupation, and prayer activities. Cognitive
function was assessed with MoCA-Ina. The instrument has eight dimensions with varying points:
executive visuospatial examination (5 points), object naming (3 points), memory (0 points), attention
(6 points), language ability (3 points), abstraction (2), and procrastination. Memory (5 points), and
orientation (6 points). The maximum value is 30. A total score of > 25 is categorized as normal
cognitive function. The result of CVI was 0.82, and Cronbach's alpha was 0.963 for reliability (Husein
etal,, 2010). BDNF levels were determined through venous blood sampling and measured using the
Enzyme-Linked Immunosorbent Assay (ELISA) Method (Naegelin et al., 2018). The research began
after receiving ethical approval from the Health Research Ethics Commission, Faculty of Medicine,
Hasanuddin University with Letter No. 141/UN4.6.4.5.31/PP36/2023 and Protocol No.
UH23020070. The results of the study were analyzed using Microsoft Excel and SPSS 24.0. The data
is presented in the form of a cross-tabulation table.

RESULTS

Table 1 shows the characteristics of respondents of the female gender who experience cognitive
impairment based on the MoCA-Ina score of 24 people (38.1%) and four men (6.3), the age range of
66-70 years who experience cognitive impairment as many as 17 people (27.0%), marital status with
the marriage category who experience cognitive function impairment as many as 25 people (39.7%),
the education level of respondents with the elementary level who experience the most impairment
cognitive function, namely 19 people (30.2%) and respondents with jobs as IRTs also experienced
the most cognitive function impairment as many as 20 people (31.7%), then the average BDNF level
of respondents was 2,473 + 1,704 and the average MoCA-Ina score of respondents was 25.4 + 2.06.
The statistical test results were obtained by gender, age, education and meaningful occupation with
a decrease in the cognitive function of the elderly.
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Table 1: Essential characteristics of respondents (n=64)

Characteristic Cognitive Function Total (%) p-value
Annoyed (%) Normal (%)

Gender

Man 4(6.3) 14 (21.9) 17 (28.1) 0.030*

Woman 24 (38.1) 22 (34.9) 46 (73.0)

Age (Years)

60-65 9 (14.3) 23 (36.5) 32 (50.8) 0.027+

66-70 17 (27.0) 10 (15.6) 26 (41.3)

>71 2(3.2) 34.7) 5(7.9)

Marital status

Marry 25 (39.1) 35 (54.7) 60(93.8) 0.193*

Not yet 34.7) 1(1.6) 4 (6.3)

Education

Elementary school 19 (30.2) 5(7.9) 24 (38.1)

Junior high school 7 (11.1) 18 (28.6) 25 (39.7) 0.001*

Senior high school 1(1.6) 6(9.3) 6(10.9)

Diploma 1(1.6) 5(7.9) 6(9.5)

Bachelor 0 (0.0) 2(3.2) 2(3.2)

Job

IRT 20 (31.7) 15 (23.8) 35 (55.5)

Farmer 7 (11.1) 11 (17.2) 17 (28.3) 0.045*

Self-employed 1(1.6) 7 (11.1) 8 (12.7)

Retired 0 (0.0) 3 (4.8) 3 (4.8)

BDNF (mean + SD) 2473 +1.704

MoCa-Ina Score 25.4 +2.06

*Chi-Square Test

Table 2 shows that based on the statistical results, BDNF levels strongly correlate with cognitive
function measured by MoCA-INA.

Table 2: Correlation of BDNF Levels with MoCA-INA Score

Variable Cognitive Function

BDNF levels 0.000 0.757*

*Spearman correlation test

Figure 1 shows that based on the ROC curve analysis, the Cut Off BDNF level of < 1.99 ng/mL has a
sensitivity of 83.3% and a specificity of 85.7% as well as a positive prediction value of 89.4% and a
negative prediction value of 83.4% with an AUC of 94.0%.
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Figure 1: BDNF ROC Curve to MoCA-INA Score

Table 3 shows that based on the statistical test results, a P value of < 0.05 was obtained, which means
that the cut-off of BDNF levels < 1.99 ng/mL has a significant relationship with cognitive function
impairment in the elderly.

Table 3: Cut-off relationship of BDNF levels with cognitive function in the elderly

Cognitive Function Total
BDNF Cut Off: 1.99 ng/mL Annoyed Normal p-value
n % N % N %
<1.99 25 89.4 6 16.6 31 48.4 0.000*
>1.99 3 10.6 30 83.4 32 51.6
Jumlah 28 100 36 100 64 100

*Chi-Square Test

DISCUSSION

Naturally, human physiological functions, including cognitive function, decline with age. Of the 64
respondents based on age grouping, the age group of 66-70 years had the most cognitive function
impairment (17.0%). Aging causes changes in brain size, blood vessels, and cognition. The brain
shrinks with age, and changes occur at all levels, from molecules to morphology, which in itself can
cause a decline in cognitive function (Peters, 2006). Various homeostatic reserves in the elderly
begin to decrease. Therefore, there is a decrease in the supply of glucose and oxygen, which are the
primary sources of nutrients for brain metabolism; this disrupts the brain's metabolic pathways,
impacting cognitive function disorders (Sundariyati et al., 2015). The gender in this study was female
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(73.0%). The results of the Central Statistics Agency (2022) in eight provinces in Indonesia that have
entered the structure of the elderly population found that based on gender data, there are more
elderly women than elderly men, namely 51.81% compared to 48.19%. Factors that affect a person's
cognitive function are age, gender, education and socio-cultural status, psychosocial conditions,
environment and occupation (Ardian and Nuraini, 2018). Women are more at risk of cognitive
decline due to the role of endogenous sex hormone levels in changes in cognitive function. Estrogen
receptors have been found in areas of the brain that play a role in learning and memory functions,
such as the hippocampus. Low levels of estradiol in the body have been linked to decreased general
cognitive function and verbal memory. Estradiol is thought to be neuroprotective and can limit
damage due to oxidative stress and is seen as a neuronal protector against amyloid toxicity in
Alzheimer's patients (Dong et al., 2010). In a study conducted in both men and women, it was
suggested that BDNF was not associated with cognition in men. However, BDNF levels may indicate
impairment of memory and general cognitive function in older women (Budni et al., 2015). As for the
level of education, the respondents were more at the elementary education level (38.1%) and junior
high school (39.7%). Education is a process of life experience and an intellectual stimulation process
that affects a person's cognition. A low level of education means that mental experiences and the
environment also have less impact on intellectual stimulation, which can result in poor cognition.
The results of research conducted by Shiddieqy et al. (2022) showed that education affects cognitive
function, where the elderly who do not go to school tend to experience cognitive function problems
compared to those who are highly educated. Respondents' employment status was dominated by
IRT, with a percentage (55.5%). Among people living in rural areas, there is a recognition that women
are considered to not have a high work culture compared to men. Conditions like this are due to the
prevailing customs and culture, where cultural values place women in domestic affairs in the
household so that they cannot develop their potential. In addition to the prevailing cultural values,
this condition is also caused by an educational pattern that does not lead them to become trained
personnel. This study's results are from research conducted by Fazriana (2020) which showed that
most elderly respondents working as IRTs have a lower cognitive category than retired seniors.

The results of this study obtained the average BDNF level of the respondents which was 2,473 ng/mL.
And the average MoCA-Ina score of the respondents was 25.4 + 2.06. This study found a significant
relationship between BDNF levels and MoCA-INA scores. Based on previous research, higher levels
of BDNF are associated with better cognitive test performance in healthy adults (Madeng et al,,
2023). BDNF is a significant factor in hippocampus shrinkage and decreased memory function in the
elderly (Erickson et al,, 2010). Simultaneous improvements in cognitive function and serum levels of
BDNF can also be found after regular physical exercise and high levels of BDNF correlate with
improvements in cognitive function (Niimi et al., 2016; Ashcroft et al,, 2022).

Age is a strong predictor of degenerative factors in the brain. Changes in brain structure in older
people include a decrease in brain volume, although it does not occur in all parts of the brain. The
parts of the brain most affected by aging are the frontal and hippocampus. The hippocampus is
involved in learning and memory processes and in the modulation of emotional control (Hélzel et al.,
2011). BDNF is widely expressed in brain regions with high levels of plasticity, namely in the
hippocampus, hypothalamus, and cortex. BDNF also regulates synaptic transmission and expression
changes regulated by neuronal activity (Arancio and Chao, 2007). The expression of BDNF in the
central nervous system is influenced by various factors in the brain, such as seizures, stress, ischemia,
and hypoglycemia. Changes in its expression can lead to several pathological conditions, such as
depression, Alzheimer's, Parkinson's disease, and epilepsy (Lima Giacobbo et al,, 2019).

In the brain, BDNF is active in the hippocampus, cortex, and forebrain, which have functions in long-
term thinking and memory processes. In addition to the brain, BDNF is also expressed in the retina,
motor neurons, kidneys, saliva, and prostate (Mandel et al., 2009). BDNF plays a role in central
nervous system neurons to support the presence of neurons, aid in the growth and differentiation of
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new neurons, increase synaptogenesis, play a role in neurogenesis, and are able to protect Neural
Stem Cells (NSCs) and Neural Precursor Cells (NPCs) (Pansri et al., 2021).

In this study, the sensitivity and specificity values of BDNF levels in the prediction of cognitive
function of the elderly were obtained. This study obtained a sensitivity of 82.9% and a specificity of
85.7% and was meaningful. The Receiver Operating Characteristic (ROC) analysis shows that a cut-
off serum BDNF level of < 1.99 ng/mL can predict cognitive impairment based on the MoCA-Ina score.
This condition allows the serum BDNF examination to predict outcomes in the elderly and prevent
cognitive function disorders

CONCLUSION

High levels of BDNF are significantly associated with good cognitive function in the elderly. As we
age, BDNF levels may decrease. There was a meaningful relationship between BDNF rates and
cognitive function measured using MoCA-INA in the elderly. BDNF can be used as a predictor of
cognitive function in the elderly. These findings are short-term, so measurements are needed over a
more extended period, more comprehensive coverage, and a larger population.
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Limitation

Some unmeasured factors that may influence the study's findings, such as this study, do not fully
account for the potential confounding variables that can affect BDNF levels and cognitive function.
Factors such as comorbidities, dietary habits, smoking habits, medication consumption, and physical
activity levels may affect the results but are not adequately measured in the analysis. External factors
such as stress and health conditions may affect BDNF levels and are not adequately considered in the
study design or analysis. This initial study focuses more on the relationship between BDNF levels
and cognitive function of the elderly, so it is necessary to explore more widely in future research.
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