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Low physical activity increases the number of non-communicable diseases.
This phenomenon occurs in medical students. This study aimed to determine
the correlation between sedentary behavior and physical activity on
cognition, mental health, cortisol, and brain derived neurotropic factor
(BDNF). Using a cross-sectional design of observational study, eighty-six
medical students were involved in this study. The subjects were interviewed
to assess cognitive function and depression levels. Saliva was taken to
measure cortisol and BDNF level. Bivariate analysis was performed using
the Spearman test. Depression is the only variable that correlates
significantly with habitual physical activity (p=0.025, r=-0.214). Sedentary
behavior has a weak correlation with cognitive failure, anxiety, and
depression ([p=0.046, r=0.216]; [p=0.039, r=0.223]; [p=0.011, r=0.273]).
The results found that high physical activity improves mental health and
cognition. This study suggested that physical activity can alleviate symptoms
of depression and anxiety among medical students.
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1. INTRODUCTION

Modern world development has created changes in human physical activity. This condition results
in sedentary behavior because people do their daily activities efficiently and do not move much. Decreased
physical activity and increased sedentary behavior are global problems. About 41.5% of adults spend >4
hours daily sitting [1]. Low physical activity among medical students was higher than among non-medical
students [2]. Medical students tend to spend a lot of time every day studying in class. This can be a problem,
because physical activity can improve fitness, mental health, and cognitive function [3]. So if they are
sedentary, they can get mental illness and cognitive decline that inhibit learning.

Someone who is physically active has a better cognitive function when compared to less active
peers. Physical activity can also prevent cognitive decline. Most studies about the benefits of physical
activity on cognitive function were conducted on the elderly, while studies on young people are still minimal
[4]. A study on young populations is hoped to increase awareness about the importance of physical activity
on cognitive function so that cognitive decline in old age can be prevented.

Sitting in front of a computer screen is a sedentary behavior practiced by many medical students.
There is a significant relationship between prolonged sitting and moderate levels of psychological distress
[5]. Low-intensity physical activity increases the risk of depressive symptoms and anxiety [6]. There are also
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cohort studies that report an association between sedentary behavior and the risk of mental disorders [7]. It is
why sedentary behavior in medical students needs to be prevented, so there is no increase in mental illness.

Physical activity induces an increase in cortisol levels depending on the intensity [8]. Cortisol is a
steroid hormone that is produced in response to stress. Medical students tend to experience more stress than
students in non-medical programs. Cortisol can be measured using serum, urine, and saliva [9]. Salivary
cortisol is non-invasive, and its uptake is convenient for the study subjects [10].

It is also widely known that physical activity affects brain derived neurotropic factor (BDNF) levels.
BDNF is one of the neurotrophins involved in all important aspects of neuroplasticity [11]. Various literature
also shows an increase in BDNF levels along with physical activity. In general, an increase in BDNF
correlates with an increase in catabolic needs and reactive oxygen species (ROS) due to the increased activity
of mitochondria, which mediates the effects of physical activity [12]. Much is known about the correlation
between physical activity and BDNF. However, little is known about its relationship with sedentary behavior.

Based on the finding described above, it is necessary to determine the correlation between sedentary
behavior and habitual physical activity with cognitive function, anxiety, depression, cortisol, and brain-
derived neurotrophic factor level in medical students. The urgency of this research because medical students
are young adults who will continue their lives to become doctors. As doctors, they must be mentally healthy
and have good cognition. The benefit is to know the physical activity level of students, so that it can be
evidence and reasons to prevent sedentary living.

2. METHOD

This cross-sectional observational study, conducted at the Physiology Laboratory of the Faculty of
Medicine, Universitas Brawijaya (FMUB) funded by grant from the Non-Tax State Revenue (Penerimaan
Negara Bukan Pajak/PNBP) of FMUB, contract number 3969.2/4/UN10.F08/PN/2021, involving medical
students from the second, third, and fourth years. Approval was obtained from the FMUB ethics committee
(N0.292/EC/KEPK-S1-PD/10/2021), and informed consent was obtained from all participants. The study
targeted students willing to undergo direct sampling and interviews, excluding those with physical disabilities
affecting movement, COVID-19 symptoms, diagnosed mental disorders, or ongoing therapy for mental or
cognitive-function-related diseases, and used purposive sampling to yield a minimum of 85 participants.

The study employed a holistic research approach involving various assessment tools to
comprehensively evaluate participants. The Sedentary Behavior Questionnaire measured the duration of nine
activities, distinguishing between weekdays and weekends. The Baecke Habitual Physical Activity
Questionnaire categorized participants into low, moderate, or high activity intensity based on their responses
to 16 questions across three domains: work activities, sports activities, and leisure activities. Cognitive
function was assessed through the mini-mental state examination (MMSE), which included 30 questions
covering orientation, registration, attention, calculation, memory, language, and construction. The cognitive
failure questionnaire (CFQ) evaluated cognitive function in the domains of perception, memory, and motor
functions using 25 questions, providing insights into daily cognitive failures over the past six months. Mental
Health were addressed with the Zung Self-Rating Anxiety Scale (SAS) and Hamilton Depression Rating
Scale (HDRS). The SAS measured anxiety levels with 20 questions, categorized into normal, mild, moderate,
and severe anxiety levels. The HDRS, comprising 17 items, categorized depression severity into normal,
mild, moderate, and severe based on the reported symptoms in the past week.

Additionally, cortisol and brain-derived neurotrophic factor (BDNF) levels were assessed through
saliva samples. Cortisol levels were measured using the DiaMetra® Competitive Immunoenzymatic
Colorimetric Method, employing an enzyme-linked immunosorbent assay (ELISA) technique that
determined cortisol concentration based on color intensity. BDNF levels were examined using a similar
ELISA technique involving BDNF antibodies, biotinylated human BDNF antibody, Streptavidin-HRP, and a
substrate solution, with absorbance measured at 450 nm. This multifaceted approach provided a
comprehensive understanding of participants' physical, cognitive, and psychological well-being.

Normality tests of all numerical data were performed using the Kolmogorov—Smirnov test.
Spearman correlation analysis was used to test the statistical significance of the correlation between
sedentary behavior and habitual physical activity and the cognitive function, anxiety level, depression level,
cortisol level, and BDNF level used a 95% confidence interval and a statistical significance of p<0.05.

3. RESULTS AND DISCUSSION

A total of 86 participants were included. Demographic characteristics can be seen in Table 1. This
study includes both sex, and females outhumbered males with age range from 18-22 years old. Table 2
represents the frequency distribution of six categorical variables used in this study. Moderate habitual
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physical activity has the highest percentage of 61.6%. As many as 96.5% of subjects have a normal cognitive
function. Most subjects have a high level of cognitive failure at 52.3%. The normal level of anxiety takes the
most significant percentage at 62.8% of all subjects. Of five categories of depression in this study, mild
depression predominates and makes up to 46.5% of all subjects. Salivary cortisol is categorized into normal
and low levels. Most of the subjects had low salivary cortisol levels.

Table 1. Characteristics of participant (n=86)

Characteristics Frequency  Percent

Gender

Male 37 43%

Female 49 57%
Age

18 5 5.8%

19 25 29.1%

20 38 44.2%

21 15 17.4%

22 3 3.5%
Year of study in medical school

2 30 34.9%

3 43 50.0%

4 13 15.1%

Table 2. Distribution of physical activity, cognitive function, cognitive failure, anxiety, depression and
cortisol level (n=86)

Variables Frequency  Percent
Habitual physical activity
Low 11 12.8%
Moderate 53 61.6%
High 22 25.6%
Cognitive function
Normal 83 96.5%
Suspicious of cognitive 3 3.5%
Impairment
Cognitive failure
Low 37 43.0%
High 49 57.0%
Anxiety
Normal 54 62.8%
Mild 26 30.2%
Moderate 5 5.8%
Severe 1 1.2%
Depression
Normal 22 25.6%
Mild 40 46.5%
Moderate 17 19.8%
Severe 2 2.3%
Very severe 5 5.8%
Cortisol
Normal 32 37.2%
Low 54 62.8%

The value of the sedentary behavior time spent, cortisol and BDNF levels, are shown in Table 3.
The average time of sedentary behavior was 82.7 hours per week. The average salivary cortisol level is
0.5 mcg/dl. The average salivary BDNF level was 1.7 ng/ml. The BDNF level of the salivary subjects had a
median value of 0.7 ng/ml.

Table 3. Sedentary behavior time, cortisol and BDNF levels

Variables Mean+SD

Sedentary behavior (hour/week) 82.78+34.35
Cortisol (mcg/dl) 0.50+0.35
BDNF (ng/ml) 1.73+2.96
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Table 4 contains a bivariate analysis of Spearman's correlation between habitual physical activity
and sedentary behavior to the other variables. Habitual physical activity is only significantly correlated with
depression. The two variables' correlation is weak and in the negative direction (p=0.025, r=-0.214). In
contrast, other variables found no correlation. Analysis of sedentary behavior shows a significant correlation
only with three variables: cognitive failure, anxiety, and depression. All three are weakly correlated and
unidirectional ([p=0.046, r=0.216]; [p=0.039, r=0.223]; [p=0.011, r=0.273]).

Table 4. Correlation between physical activity to cognition, mental health, cortisol and BDNF Level
Habitual physical activity ~ Sedentary behavior

Dependent variables

p-value r p-value r
Cognitive function 0.571 0.062 0.536 0.068
Cognitive failure 0.065 -0.200 0.046 0.216*
Anxiety 0.654 -0.049 0.039 0.223*
Depression 0.025 -0.241* 0.011 0.273*
Cortisol 0.265 0.121 0.357 -0.101
BDNF 0.822 -0.025 0.712 0.040

*Correlation is significant at the 0.05 level (2-tailed)

3.1. Cognition: cognitive function and cognitive failure

This study's results indicate no correlation between habitual physical activity and sedentary behavior
with cognitive function. These results are supported by research on adolescent [13]-[15] and adult [16], [17]
subjects where there is no association between various types of sedentary behavior and cognitive function. It
is not related because cognitive function can be influenced by several factors other than physical activity,
such as age, genetics, smoking habits, physical/mental disorders, and lack of social support.

In previous studies on adolescent subjects, measurements of cognitive function used instruments
covering various cognitive areas such as inhibitory control, planning, and cognitive flexibility. While for
sedentary behavior, an accelerometer was used [18]. Although the accelerometer measures sedentary time
objectively, it cannot distinguish the type of sedentary behavior. The inability of the accelerometer to
distinguish the type of sedentary behavior makes it possible to find no association between sedentary
behavior and cognitive function, where children and adolescents can engage in sedentary behavior that
benefits cognitive development, such as reading and learning [19].

Research on adult subjects was similar to that of children and adolescents, except that in adult
subjects, a questionnaire was added to measure sedentary behavior other than using only the accelerometer
[16], [17]. However, the International physical activity questionnaire, physical activity readiness
questionnaire, occupational sitting and physical activity questionnaire used in previous studies could not
distinguish the type of sedentary behavior in research subjects such as the Sedentary Behavior Questionnaire
[20].

Nonetheless, other studies found a positive and negative association between sedentary behavior and
cognitive function [21]. The difference is possible because this research instrument cannot measure cognitive
areas in depth and specifically, so it cannot determine the relationship between various sedentary behavior
domains and one area of cognitive function. It is supported by previous research, which shows that the
domain of sedentary behavior that requires cognition will have a positive relationship with cognitive
function. However the domain and total of this sedentary behavior can differ between populations [21], [22].

Meanwhile, decreased cognitive function is associated with sedentary behavior and changes
gradually in adulthood, which can be detected at 60 [23]-[25]. Which is responsible for the negative
association of BDNF with the sedentary level and the changes that occur at the cellular and systemic levels
[26], [27]. This is supported by other findings, which state that higher sedentary time is associated with
hyperintensity of white matter volume. In contrast, biomarkers are associated with an increased risk of
cognitive decline [28].

It was found that there was a significant and unidirectional relationship between sedentary behavior
and the level of cognitive failure. Based on previous studies, the relationship between the two variables varies
[25], [29]. One systematic review concluded that sedentary behavior is associated with lower cognitive
performance. One study in that systematic review only found a significant relationship between the two
variables in self-report sedentary time measurements but not in objective measurements [25]. The same
results were found in other studies. One study found no relationship between overall sedentary time and
perceived cognitive ability. However, when viewed at the within-person level, the results varied. Self-report
sedentary time measurements show a significant negative relationship, while measurements with the
accelerometer show no relationship [30].
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In this study, no significant relationship was found between habitual physical activity and the level
of cognitive failure. Similar results were also found in previous studies. Based on research by Loprinzi [31],
it was found that physical activity has no direct relationship with both prospective and retrospective memory
but that there is a possibility of an indirect relationship between variables through their influence on
depressive symptoms. Most subjects in this study also have depression which can affect cognitive
performance [32]. A possible explanation is that depressed people have chronic neuroinflammation triggered
by various pro-inflammatory cytokines and oxidative stress. Neuroinflammation can cause damage to
deoxyribonucleic acid (DNA), ribonucleic acid (RNA), lipids, proteins, and synapses in various brain regions
[33].

3.2. Mental health: anxiety and depression

This study's results indicate a correlation between sedentary behavior and anxiety in medical
students. This result follows the findings of other studies which show a relationship. This finding is similar to
a study conducted by Wang et al. [34], who found sedentary behavior to be significantly associated with an
increased risk of anxiety symptoms among young Indonesians. However, a study by Wang et al. [35] found
no relationship between sedentary behavior and anxiety.

Psychological stress affects various psychiatric conditions, including anxiety and stress-related
disorders. Stressors can activate the hypothalamus—pituitary—adrenal (HPA) axis [36]. The HPA axis causes
an increase in cortisol secretion in the adrenal cortex. It then causes an increase in salivary cortisol. When
this happens, individuals can experience increased anxiety levels [37]. Anxiety occurs concomitantly with the
activation of the stress response that is not anticipated or prolonged in the HPA axis. This response causes
hypervigilance, fear, and sympathetic dysregulation [38]. A study shows that regular physical activity
decreases HPA axis reactivity. Physical activity alters the release of corticotropin-releasing factor (CRF)
from the hypothalamus and adrenocorticotropic hormone (ACTH) from the anterior pituitary [39]. It shows
that physical activity causes changes in the HPA axis which affects stress and anxiety reactivity in humans so
that it can cause anxiolytic effects. This explanation suggests that medical students' regular physical activity
or low levels of sedentary behavior can reduce anxiety. This study proves that there is a correlation between
sedentary behavior and anxiety. However, the correlation between habitual physical activity and anxiety in
this study is unrelated, possibly because the etiology of anxiety is multifactorial (stress, physical condition,
genetics, and environmental factors).

This study's results indicate a correlation between habitual physical activity and sedentary behavior with
depression. From a total of 86 respondents, the majority of respondents had a mild level of depression, which
was 46.5%. Alshahrani et al. [40] described that medical students have a higher prevalence of depression. It
is evident from the prevalence of depression among medical students. Medical students have the potential to
experience depression due to a high study load, a dense curriculum and the obligation to do assignments or
outside of lectures, such as student activities which can be a trigger factor for the emergence of depression in
medical students.

Based on further analysis, the relationship between habitual physical activity and depression levels was
examined through the Spearman correlation test with correlation value was -0.241, so it can be concluded
that habitual physical activity has a significant negative (inverse) relationship to the level of depression.
Many factors influence the onset of depression in medical students, such as gender, socio-economic and
cultural factors, and a dense medical education curriculum. Women are two times more affected by
depression than men due to hormonal differences. Socio-economic and cultural factors include a new
environment, new friends, and higher tuition fees than other faculties. The medical curriculum uses a
competency-based curriculum with a problem base learning approach, which requires students to study
independently, with reduction in study time [40].

Research by Hadeel Halaweh at the Al-Quds University of Palestine shows that physical activity can
help prevent a decrease in Health-Related Quality of Life (HRQoL). Adult individuals who are physically
active have the opportunity able to carry out daily functional activities better and more integrated [41].
Mahindru's research review also shows that physical activity positively impacts and benefits mental health.
Low physical activity level in children is associated with an increased risk of depression as adults [42].

3.3. Cortisol and BDNF level

This study's results indicate no correlation between habitual physical activity and sedentary behavior
of medical students with salivary cortisol levels. This finding is similar to a study conducted
by Teychenne et al. [43], which stated that there was no relationship between sedentary behavior and
salivary cortisol levels. Meanwhile, Roberts [44] showed that salivary cortisol levels differed between groups
with low cortisol levels in high-activity and high in low-activity groups. The possible reason for no
correlation between these variables is that cortisol fluctuates due to the circadian cycle. Research shows
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cortisol levels can indicate stress levels. Medical students often deal with academic stress [45]. So, this
exposure can affect cortisol levels as well.

Based on the results of Spearman's analysis, it was found that there was no relationship between the
level of habitual physical activity and salivary BDNF levels. The study conducted by Moreira et al. also
found no significant correlation between the two variables, and the basal salivary BDNF levels of athletes
were higher than sedentary individuals [46]. In comparison, Portilla et al. [47] found a significant correlation
between variables with lower basal serum BDNF levels in people who routinely do physical activity. The
differences in study results could be due to various factors, such as variations in the single nucleotide
polymorphism (SNP) and neuropsychiatric states between individuals, duration, timing, and sampling
technique [48].

While it was concluded that there was no relationship between sedentary behavior and peripheral
BDNF levels in the study subjects. This study supported by other studies conducted by Ullrich et al. [49],
Segundo et al. [50], Mora-Gonzalez et al. [14], where no association was found between sedentary behavior
and BDNF levels in children and young adult subjects. However, when measuring sedentary behavior using
an accelerometer, an association was found between sedentary behavior and peripheral BDNF levels, where
negative associations were found in women. In contrast, positive associations were found in men. In addition,
the type of sedentary behavior has more influence on health problems and further studies are needed to
explain the potential effect of sedentary behavior on peripheral BDNF levels [50].

Single-time completion of questionnaires may introduce recall bias, despite the questionnaire's
assessed reliability, validity, and ease of administration. Salivary cortisol and BDNF levels were measured
only once, overlooking potential variations in secretion rhythms. This study lacks control over variables
influencing the outcomes, posing a significant limitation.

4. CONCLUSION

This study discovered that medical students exhibit moderate physical activity and high sedentary
behavior for 82.7 hours weekly. Despite the known negative impact of high sedentary behavior and low
physical activity on cognitive function, the subjects demonstrated good cognitive function. Surprisingly,
sedentary and physical activity were not associated with salivary cortisol and BDNF, challenging previous
expectations. The study emphasizes that physical activity alone doesn't solely influence cortisol and BDNF
levels; these are also impacted by various factors which require further investigation.
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