88981 Auto Edited.docx



Name of Journal: World Journal of Psychiatry
Manuscript NO: 88981
Manuscript Type: ORIGINAL ARTICLE

Observational Study
REBAESTE N EIRER R E TIECIZHERRIRR

(LNERE VO a4

Qun Zhao, Xing Wang, Shu-Fan Li, Peng Wang, Xiang WANG, Xin Xin, Suowang Yin,

Zhaosong Yin, Lijuan Mao

Abstract

BACKGROUND

The detection rate of depression among university students has been increasing in
recent years, becoming one of the main psychological diseases that endangers their
physical and mental health. According to statistics, self-harm and suicide, for which

there is no effective intervention, are the second leading causes of death.

AIM
To explore the relationship between different elements and levels of physical activity

and college students’ depression-symptom-specific working memory indicators.

METHODS
143 college students were analyzed using the Beck Depression Self-Rating Scale, the
Physical Activity Rating Scale, and the Working Memory Task.

RESULTS




There was a significant difference between college students with depressive symptoms
and healthy college students in completing verbal and spatial working memory tasks
correctly (all P < 0.01). Physical Activity Scale-3 scores were significantly and positively
correlated with the correct rate of the verbal working memory task (r = 0.166) and the
correct rate of the spatial working memory task (r = 0.210) (all P < 0.05). There were
significant differences in the correct rates of verbal and spatial working memory tasks
according to different exercise intensities (all P < 0.05) and different exercise durations
(all P < 0.05), and no significant differences in the correct rates of verbal and spatial

working memory tasks by exercise frequency (all P > 0.05).

CONCLUSION
An increase in physical exercise among college students, particularly medium- and
high-intensity exercise and exercise of 30 minutes or more, can improve the correct rate

of completing working memory tasks.
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INTRODUCTION

The World Health Organization predicts that depression will become the leading
contributor to the global burden of disease by 2030 ['I. Early adulthood is a critical
period for the physiological and psychological development of individuals, and is also a

high-risk period for developing depression l. College students are generally in the




early adulthood stage from 18 to 25 years of age, and because of their immature
physical and mental development, they are prone to internal conflicts when facing
multiple pressures, such as complicated study tasks and life events, which can induce
depression and other undesirable emotions, and in severe cases, can lead to suicide and
other crisis events [3 4. Some studies have shown that the detection rate of depression
among Chinese college students ranges from 21.6% to 37.6%, with an increasing trend
year by year [571. Therefore, the prevention and intervention of depressive symptoms in
college students is of great significance.

Working memory impairment occurs in patients with depressive symptoms.
Working memory, a capacity-limited cognitive system that temporarily stores relevant
information 137, is one of the core elements of the human cognitive system and plays an
important role in learning, reasoning, and completing complex tasks. Typical symptoms
of depression (e.g., pleasure deficit) are highly correlated with impairment of working
memory [8 10-12]. Related brain imaging studies have found that depressed individuals
show greater activation in the cingulate cortex and prefrontal lobe when completing N-
back tasks compared to healthy individuals [1317], suggesting that to achieve the same
level of performance on working memory tasks as healthy individuals, depressed
individuals need to mobilize more cognitive resources and exert greater cognitive effort.
Comparisons were made between depressed and non-depressed college students on a
working memory task, and it was found that the correct rate of depressed subjects was
lower than that of healthy subjects, and the reaction time was higher than that of
healthy subjects, both of which were statistically significant [8]. The working memory
model proposed by Baddeley includes the Central Executive, Visuo- spatial Sketchpad,
and Phonological Loop ["l. According to the manner in which information is processed
and handled, working memory can be divided into visuospatial and verbal working
memory (2L People with depressive symptoms may experience impairments in
different dimensions of working memory.

Physical exercise is closely associated with depressive symptoms and working

memory. Physical exercise is an effective means of alleviating negative mood in




depressed patients, with the advantages of high adherence, low adverse effects, and
stable effects 21,221, Previous cross-sectional studies have found that physical activity is
significantly negatively correlated with depressive symptoms (2%24, and the higher the
level of participation in sports, the lower the risk of depression detection [23; Physical
activity can also improve depressive symptoms by improving working memory. Weuve
et al 2] found that those with higher weekly physical activity had better performance in
reverse-order memory breadth, and the decline in homework performance was lower
than the decline in physical activity performance in the second test two years later. The
decline in homework performance was lower in this group than that of those with low
physical activity; and the findings of Szabo et al [27] suggest that cardiorespiratory fitness
levels in older adults can directly influence hippocampal gyrus volume, which in turn
promotes overall correctness and speed of response in spatial working memory.
Depressive disorder severity significantly affects working memory and may be related
to altered frontal executive control circuit functioning in patients [2], who show
consistent abnormalities in limbic-subcortical calcium cycle functioning during working
memory processing [2; disruption of working memory updating is mainly
characterized by altered activity in the connections between visual association areas and
the prefrontal cortex BY, and physical activity can significantly affect prefrontal
activation, which in turn affects performance on working memory tasks, thereby
ameliorating depressive symptoms.

Previous studies have shown that physical exercise, working memory, and depressive
symptoms are closely related to each other, and that impairment of working memory is
a prominent manifestation of cognitive impairment in patients with depression. There is
a basic consensus that physical exercise improves working memory, and that
improvement of working memory alleviates depressive symptoms. We found that
previous studies did not clarify whether there was a difference in working memory task
performance between healthy college students and college students with depressive
symptoms, nor did they mention the relationship between the elements of physical

exercise and working memory. The present study thus adopted a cross-sectional design




paradigm to explore the correlation between various elements of physical activity and
working memory-specific indicators, as well as the relationship between different levels
of physical activity and working memory under each element, to clarify the indicators
of depression-symptom-specific working memory in college students with a view to

provide evidence for future clinical practice.

MATERIALS AND METHODS

Participants

Based on the principle of voluntariness, university students were randomly recruited
from Songjiang University in Shanghai. All subjects were required to be 18-26 years
old; have no mental illness; have never taken barbiturates, benzodiazepines, or chloral
hydrate; be non-sports majors or high-level athletes; and have no sports
contraindications. All participants signed informed consent forms, and the study was
approved by the Ethics Committee of Shanghai University of Sport, with an ethical code
of 102772023RT075. The recruitment process for the participants is shown in Figure 1.

Measures

General information questionnaire

Participants” basic information, such as age, sex, height, weight, and family status was
obtained, as well as information on any mental illness, on the use of barbiturates,
benzodiazepines, and chloral hydrate, whether they were professional athletes, and

whether they had sports contraindications.

Beck Depression Inventory-11 (BDI-II)

This widely used 21-item self-assessment scale was used to assess depressive
symptoms. Responses were rated on a 4-point Likert scale ranging from 0 (no
symptoms) to 3 (severe symptoms). Total scores of 0-13, 14-19, 20-28, and 29-63
indicate no, mild, moderate, and severe depression, respectively. The internal

consistency coefficient was 0.948[16],




The Physical Activity Scale-3 (PARS-3)

The Physical Activity Scale-3, translated and revised by Liang et al, is currently
recognized as an effective adult physical activity measurement questionnaire. This scale
defines the amount of exercise = intensity x duration x frequency. The intensity and
frequency are divided into five grades, with 1-5 points respectively. The five grades of
duration are 0-4 points respectively, and the score range is 0-100 points. The evaluation
criteria are: €19 means a small amount of exercise, 20-42 a moderate amount of exercise,

and >43 a large amount of exercise. In this study, Cronbach a coefficient of the scale is

0.740.

Working memory task

A verbal n-back spatial n-back task paradigm was used to measure the refreshing
ability of the participants” working memory, where n was 2. Verbal Working Memory
(VWM) and Spatial Working Memory (SWM) were tested according to different
processing levels of working memory. The experimental procedure was completed
using the subjects’ keystrokes on a computer, and the verbal and spatial n-back tasks
used the same experimental materials and procedures but differentiated between the
two experimental procedures using different experimental instructions. Eight distinct
uppercase letters—B, D, H, K, M, P, S, and Y—were chosen for the experimental
material to avoid confusion in the subjects. The screen background was black and eight
letters were randomly presented at eight positions on the screen.

The verbal n-back task required participants to memorize the letters themselves,
ignoring their spatial location, and consisted of 55 trials, including 5 practice trials and
50 formal trials. After completing the 5 practice trials, the participant was asked
whether he/she was familiar with the task and the procedure, and if he/she did not
receive an affirmative answer, he/she was given the option of pressing the “Q” key to
practice again; if he /she received an affirmative answer, he/she was given the option of

pressing the “Enter” key to enter the formal experiment. Each experiment consisted of




50 trials. There were 50 trials in the formal experiment, and the specific experimental
procedure was as follows: first, a gaze point “+” was presented for 3000 ms, and then a
picture with a letter was presented sequentially for 2000 ms, with a stimulus interval of
1000 ms. Participants were asked to memorize the letter itself, ignore the spatial location
of the letter, and remember the letter if it was different from the second letter. If the
currently presented letter was the same as the second letter in the previous interval, the
“]” key was pressed, and if it was different, the “F” key was pressed. The statistics show
the response times and correct rates for the verbal n-back task (Figure 2).

The spatial n-back task was the same as the verbal n-back task in terms of the
number of trials and the complete experimental procedure, with the difference that
participants were required to memorize the spatial position of the letter, ignoring the
letter itself. Participants were asked to press the “J” key to respond if the position of the
currently presented letter was the same as that of the previous penultimate letter (in this
case, there would be a situation in which the letters are different, but the spatial position
of the letter is the same), and press the “F key if they are different. The statistics
represent the response times, press the “]” key to respond, and if they are different,
press the “F” key. The statistics represent the response times and correct rates for the

spatial N-back task (Figure 3). (See Figure 3.)

Test procedure

Questionnaires (Basic Information Form, BDI-II, and PARS-3) were distributed to the
participants. Before filling in the questionnaires, the chief examiner read out the
guidelines and explained the entries, making it clear that the data obtained were only
used for scientific research, and emphasizing that the answers were true, independent
and voluntary. In the process of filling in the questionnaires, the subjects were
prompted to answer the questionnaires according to the requirements. After filling in
the questionnaires, the chief examiner checked the questionnaires that had omitted any
item or whose responses were against common sense, and ensured the completeness of

the information through filling and re-filling the questionnaires.




Data processing

IBM SPSS Statistics 26.0 software was used to statistically analyze the data. For the
questionnaire, there was a non-random lack of data to avoid the use of a simple deletion
method to make the estimated coefficients biased; then the same kind of mean
interpolation processing was performed. The common method bias test was conducted
by using the Harman one-way test; the data distribution was observed through
frequency histograms, and the independent sample t-test was used for comparison
between groups of the measured data that conformed to normal distribution or nearly
normal distribution; the Mann-Whitney U nonparametric test was used for comparison
of the measured data that were obviously skewed; the count data were described by n
(%), and the x2 test was used for comparison between groups. test. One-way ANOVA
and LSD post-hoc multiple tests were used to compare the effects of different exercise
intensities, times, and frequencies on the correct rate of verbal and spatial working
memory tasks, and Pearson correlation analysis and linear regression analysis were
used to explore the relationship between physical exercise, depressive symptoms, and
working memory. One-way ANOVA was used to investigate the relationship between

physical exercise (intensity and duration) and working memory.

RESULTS

Demographic information of university students with/without depression

Overall, 143 participants were included, with age 19.53+1.149 year-old, and a 21.68%
detection rate of depression. Comparing the demographic features between depressed
and non-depressed university students, as shown in Table 1, we discovered significant
differences in the groups in terms of registered households, only children, study
pressure, interpersonal relationships, and social activities. Further analysis found that
compared to non-depressed university students, depressed university students had
significantly higher study pressure, a lower proportion of only children, more tense

interpersonal relationships, and fewer social activities. This result shows that being in a




senior grade, not being an only child, high study pressure, more tense interpersonal
relationships, and fewer social activities are indicators of depressive symptoms in the

high-risk groups.

Specificity of working memory of university students with different depressive
mptoms

As shown in Table 2, there was a significant difference in the rate of correct completion
of both verbal and spatial working memory tasks between college students with
depressive symptoms and healthy college students (all p < 0.01).

Relationship between different elements and levels of physical exercise and college
students’” depressive symptom-specific working memory indicators

To facilitate the analysis of different physical exercise elements and levels, the
participants were divided into different exercise intensities, durations, and frequencies
according to the PARS-3 questionnaire. Exercise intensity was classified as light exercise
(level 1), medium-low intensity (levels 2 and 3), and high intensity (levels 4 and 5),
exercise duration was classified as <30 min (levels 1-3), 30-59 min (level 4), and 260 min
(level 5), and exercise frequency was classified as <1 time/month (level 1), 2

times/month~2 times/week (levels 2 and 3), and 23 times/week (levels 4 and 5).

Characteristics of working memory of university students with different exercise
intensity, duration, and frequency

In order to analyze the characteristics of working memory in students with different
exercise intensity, duration, and frequency according to the PARS-3 questionnaire,
exercise intensity was divided into light exercise (level 1), medium and low intensity
(levels 2 and 3), and high intensity (levels 4 and 5), and exercise duration was divided
into < 30 min (levels 1-3), 30-59 min (levels 4) and = 60 min (level 5), frequency of
exercise was divided into <once/month (level 1, twice/month~twice/week (level 2

and 3) and >three times/week (level 4,5) .




As shown in Table 3, there were significant differences in VWM and SWM accuracies
among the different exercise intensities (all P < 0.05). After multiple comparisons,
significant differences were found between high-intensity and medium-intensity
physical exercise and low-intensity physical exercise (all P < 0.05), suggesting that
medium intensity had already taken effect, and there was little difference between
medium and high intensity.

As shown in Table 4, there were significant differences in the VWM and SWM
accuracy rates for different exercise durations (all P < 0.05). After multiple comparisons,
significant differences were found in the VWM accuracy rate between physical exercise
of middle- and low duration (P < 0.05). In terms of the accuracy rate of SWM, there
were significant differences between the group of low-duration and the groups of high-
duration and medium-duration (all P < 0.05), suggesting that the exercise duration
takes effect when it exceeds 30 minutes, and there is little difference between medium-
duration and high-duration physical exercise.

As shown in Table 5, there was no significant difference in the VWM and SWM
accuracy rates for different exercise frequencies (all P > 0.05), suggesting that different

exercise frequencies pose no effect on the completion of working memory tasks.

DISCUSSION

The results of this study showed that the correct rate when completing a working
memory task is a depression-symptom-specific working memory indicator for college
students and that physical activity participation has a positive correlation with the
correct rate when completing a working memory task, which is consistent with the
results of previous studies. The results of previous studies found B! 32 that depressed
individuals had lower rates of correctness and slower responses when completing tasks
compared to healthy individuals, and [3] the severity of working memory impairment
was positively correlated with the severity of symptoms in depressed patients. In terms
of research on physical exercise to improve working memory in depressed groups,

previous researchers have found through cross-sectional studies P4l that there is a




positive correlation between physical activity and cognition and a significant positive
correlation between physical activity and its rate of correctness in completing working
memory B>¥1. Overseas studies have found that depressed patients all have abnormal
activation of the frontal and parietal lobes when performing working memory tasks and
also have failure of inhibition of the limbic system [38.39].

This study found that the higher the exercise intensity and longer the duration of
physical exercise for college students, the better their performance in working memory
tasks, whereas the positive facilitation effect of exercise frequency on working memory
task performance was not significant. Evidence shows [40] that physical exercise can
provide sufficient nutrition and energy to the brain by increasing neurotransmitter
content, promoting glial cell regeneration, improving synaptic plasticity, effectively
regulating neurotrophic factor concentration, glucocorticoid hormone levels,
morphology and structure of specific parts of the central nervous system, as well as the
release of pro-inflammatory cytokines, and at the same time increasing brain plasticity
and improving working memory. Furthermore, physical exercise increases the area of
grey and white matter in the prefrontal, parietal and temporal lobes 1, induces
structural changes in the hippocampal volume and the vascular system [42], and
significantly increases the number of newborn neurons [*3l, which, in turn, improves
working memory capacity. Jasmina [#l conducted a cross-sectional cognitive test on
subjects aged 16-34 years old, and the results showed that the subjects who exercised
more performed better. Benjamin [*l and Eadaoin 1*] found that both moderate- and
high-intensity exercise resulted in a significant increase in working memory capacity in
university students.

We also found that depressive symptoms were significantly negatively correlated with
the correct rate of completion of the working memory task, but not with the response
time of completing the working memory task, which is inconsistent with the results of
previous studies [17. ¥7], which may be due to the difference in task paradigms, as
previous studies of working memory used both the 1-back and 2-back working memory

tasks, whereas the present study used only the 2-back task. This result may be due to




the difference in task paradigms, as the 1-back task is simpler for college students, and a
“ceiling effect” may occur [48]. Another inconsistent result is that there is no significant
difference in college students” performance on the working memory task between
different exercise frequencies [#°l. This may be due to the difference in the study
population; previous researchers selected healthy college students, whereas the present
study included college students with depressive symptoms. Cross-sectional studies on
the effect of physical activity frequency on working memory have rarely been reported
at home and abroad, and high-quality studies are still necessary in the future to
supplemented these findings.

Limitations: This study used a cross-sectional design, which needs to be confirmed
by longitudinal studies in the future. The physical activity scﬁ, as a subjective report,
may have some bias, and some objective indicators such as accelerometers and heart
rate bands can be used to measure physical activity data in future studies. Larger

samples are required for future investigations.

CONCLUSION

The more physical exercise college students engage in, the higher is the correct rate of
completing working memory tasks. Among the elements of physical exercise, exercise
intensity of medium intensity or more and exercise duration of more than 30 minutes
can improve the correct rate of working memory tasks. Therefore, college students with
depressive symptoms should be encouraged to increase their physical activity to
improve their working memory and pay attention to changes in working memory,

which may reduce scores on depressive symptoms.
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The detection rate of depression among university students has been increasing in
recent years, becoming one of the main psychological diseases that endangers the

physical and mental health of university students. According to statistics, self-harm and




suicide, for which there is no effective intervention, are the second leading causes of

death.
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One-way analysis of variance (ANOVA) and Pearson’s correlation were used to explore

the correlations and interaction pathways between variables.

Research results

There was a significant difference between depressive symptomatic and healthy college
students in the completion of both verbal and spatial working memory tasks correctly
(all P < 0.01). PARS-3 scores were significantly and positively correlated with VWM
correctness (r = 0.166) and SWM correctness (r = 0.210) (all P < 0.05). High- and
moderate-intensity physical exercise were significantly different from low-intensity
physical exercise (all P < 0.05). In terms of VWM correctness, there was a significant
difference between medium-duration compared with low-duration physical exercise (P
< 0.05); in terms of SWM correctness, there was a significant difference between high-
duration and medium-duration physical exercise compared with low-duration physical
exercise (all P <0.05). There was no significant difference in the correct VWM and SWM

rates between the different exercise frequencies (all P > 0.05).

Research conclusions




Colleges and universities should encourage students with depressive symptoms to
increase their physical activity and improve their working memory. This is particularly
evident with increased intensity and duration of physical activity, which may reduce

the incidence of depressive symptoms.

Research perspectives
The use of objective measurement tools is recommended for future studies, and

longitudinal studies are necessary to further define the course of action.
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