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Correlations between depressive symptoms,
verbal working memory, and physical activity
in university students: evidence based

on resting EEG
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Abstract

Background Depressive symptoms are prevalent among university students and are closely correlated with
verbal working memory. An increasing amount of evidence suggests that physical activity can mitigate depressive
symptoms through multiple mechanisms. The objective of this study was to explore the correlations among
depressive symptoms, verbal working memory, and physical activity in university students and to explore the
potential correlations between these factors and EEG indicators.

Methods A case—control study design was employed to enroll 136 university students, and convenience samples
were used to collect 5-minute resting EEG data with their eyes closed. Physical activity was evaluated using the
Physical Activity Scale-3, depressive symptoms were assessed with the Beck Depression Inventory-Il, and the N-back
task was used to measure the accuracy rate and reaction time of verbal working memory. Pearson’s correlation
coefficient was calculated to assess the correlation between the variables, the PROCESS macro in SPSS (Model 4) was
applied to analyze the mediating role of verbal working memory in the correlation between physical activity and
depressive symptoms, and the bootstrap method was used to calculate the mediating effect.

Results The results showed that the verbal working memory reaction time and physical activity scores of university
students with depressive symptoms were significantly different from those of university students without depressive
symptoms (P < 0.05), but no difference was found in the accuracy rate of verbal working memory (t=0.580, P> 0.05).
Physical activity was negatively correlated with depressive symptom scores (r=-369, P < 0.05) and with the reaction
time of verbal working memory (r=-0.334, P< 0.05). Mediation analyses indicated that the verbal working memory
reaction time partially mediated (8 =-0.039, 95% Cl = -0.096 to -0.001) the correlation between physical activity and
depressive symptoms in university students. EEG indicators in the frontal regions of the brain, including beta2 power
values for (FP1, FP2) and delta power values for (F3, F4) and (F7, F8), were negatively correlated with depressive
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symptom scores and verbal working memory reaction time and positively correlated with the level of physical activity
(P<0.05).

Conclusions Differences in physical activity and VWM reaction time between university students with depressive
symptoms and those without depressive symptoms. Three variables, depressive symptom scores, VWM, and physical
activity, had mutually related EEG indicators, which may provide a useful addition to the clinical identification and
targeting of interventions in the population with depressive symptoms. Verbal working memory partially mediated
the relationship between physical activity and depressive symptoms, but the mediating path coefficient accounted

for a low percentage.
Clinical trial number Not applicable.

Keywords Physical activity, Depressive symptoms, Verbal working memory, EEG

Background

The World Health Organization (WHO) has explicitly
noted that depression is the third leading contributor to
the global disease burden and predicted that by 2030,
depression is likely to be the leading cause of the global
disease burden [1]. Depressive symptoms are considered
the transitional phase leading to the onset of depression,
which features a persistent low mood, loss of interest and
energy, impaired cognitive functioning, and, in severe
cases, self-harming or suicidal thoughts or behaviors [2,
3]. In university students, the incidence of depressive
symptoms is high due to intense academic competition
and escalating life pressures [4, 5]. A meta-analysis of
Chinese university students revealed that the prevalence
of depressive symptoms was as high as 24.4% [6]. In addi-
tion, patients with depressive symptoms have impaired
working memory and long-term memory, and these
symptoms are further exacerbated by recurrent episodes
of depressive symptoms [7, 8].

Working memory, an integral part of cognitive func-
tioning, is strongly associated with the onset and develop-
ment of depressive symptoms [9]. Depressive symptoms
can impair working memory, and in turn, the working
memory impairment may exacerbate depressive symp-
toms [10]. In verbal working memory (VWM), patients
with depressive symptoms have difficulty updating nega-
tive information and have deficits in processing positive
information [11]. Individuals with depressive symptoms
often show slower responses, higher error rates, and diffi-
culties in switching tasks and updating information when
performing VWM tasks [12]. Several reviews have shown
that patients with depressive symptoms perform worse
than control individuals do in completing VWM tasks
[7, 13]. Imaging studies have revealed that the cortex and
cingulate gyri are more active in patients with clinical
depressive symptoms performing the N-back task than in
control individuals [14], and abnormalities in neural cir-
cuits supporting working memory may be a physiological
marker of depressive symptoms [15], whereas decreases
in VWM may lead to more severe depressive symptoms.

As an effective means of improving cognitive func-
tion, physical activity has attracted a great deal of atten-
tion from researchers in recent years [16, 17]. Studies
have shown a certain correlation between physical activ-
ity levels and the risk of depressive symptoms, including
a positive correlation between lower levels of physical
activity and a greater risk of depressive symptoms in uni-
versity students [18—-20]. Exercise increases neuroplasti-
city, reduces oxidative stress, and alters neuroendocrine
levels, thus reducing depressive symptoms [21, 22]. A
positive correlation has been observed between physical
activity and improved working memory function [23, 24],
which may be linked to functional changes in executive
control circuits in the frontal lobes among patients [25].
Patients with depressive symptoms exhibit persistent
abnormal functioning of calcium signaling circuits from
the limbic to the subcortical regions during VWM pro-
cessing [26], and in these patients, physical activity may
improve the performance of the activation system in the
frontoparietal network [27].

An electroencephalogram (EEG) is an external reflec-
tion of the electrophysiological activity of brain neurons
and has the strengths of being simple, convenient and
noninvasive [28, 29]; an EEG can provide a quantitative
basis for the effects of exercise on alleviating university
students’ depressive symptoms and improving working
memory [30]. The parietal cortex is involved in informa-
tion storage [31, 32], and the occipital cortex is involved
in visual attention [33]. Certain specificities in the EEG
signals of people suffering from depressive symptoms
have been observed, such as lower power of the delta
wave during sleep [34] and lateralization of the theta and
alpha waves in the left and right brain regions [35-37].
Lower frequency bands in the EEG (e.g., beta and delta
bands) are strongly associated with a decline in work-
ing memory [38-40], and exercise induces an immediate
postexercise cortisol elevation, causing brain oscillatory
activity and EEG alpha asymmetry and mitigating nega-
tive emotions [41].

A review of the previous literature revealed that physi-
cal activity is strongly correlated with working memory
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and depressive symptoms [42—-44]. However, when the
correlation between VWM and depressive symptoms
in university students is explored, we find that numer-
ous research results are controversial—some studies
find that the accuracy rate better reflects VWM ability
[45], whereas other studies suggest that reaction time is
a more valid indicator [46, 47]. These controversies need
further validation in future generations. Furthermore, the
selection of VWM indicators has shown inconsistency
when exploring the correlation between physical activ-
ity and depressive symptoms, with some studies focus-
ing on changes in the accuracy rate [45, 48] and others
emphasizing reductions in reaction time, as it reflects
increased efficiency in cognitive processing [49, 50].
These studies provide valuable insights, but they are all
generally unconvincing. The intervention of EEG offers
the possibility of providing insights into this issue. EEG
technology provides real-time information on brain
activity, which is critical for understanding the inter-
connections among physical activity, depressive symp-
toms, and VWM. Based on this premise, a case-control
research paradigm was selected for this study, which was
intended to address the following research questions: (1)
Do differences exist in the variables of VWM and physi-
cal activity between university students with depressive
symptoms and those without depressive symptoms? (2)
Are the three variables, namely, depressive symptom
scores, VWM, and physical activity, correlated and does
VWM mediate the correlation between physical activ-
ity and depressive symptom scores? (3) Which variables,
depressive symptom scores, VWM or physical activity, of
university students are related to EEG indicators?

The team intends to provide directions and ideas for
clinical identification and targeted exercise interventions

Recruitment of college students
(n=148)

Socio-demographic questionnaire
Beck Depression Inventory-II
The Physical Activity Scale-3
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for people with depressive symptoms, as well as to pro-
vide references for researchers through this study.

Research subjects and methods

Research subjects

The overall sample size was estimated using G*Power 3.1
software, and this study was a case-control study. For the
purpose of this study, the ratio of students in the group
with depressive symptoms to the group without depres-
sive symptoms was set at 1:1, the t test was selected,
the statistical test was selected as “Means: Difference
between two independent means (two groups)’ the
medium effect size was referenced (0.5) [51], the alpha
value was 0.05, the test efficacy was set at 0.8, and the
required sample size for each group was 64 persons. Each
group included a minimum of 67 persons, accounting for
a 5% attrition rate.

A total of 136 university students were recruited
through posters, health education lectures, and online
recruitment in a university town in Songjiang District,
Shanghai, using a case-control study paradigm and con-
venience sampling.

The subjects were required to visit the laboratory
twice. At the first visit, the subjects were informed of the
purpose and content of the study, signed an informed
consent form and completed a sociodemographic ques-
tionnaire, the Beck Depression Inventory-II, and the
Physical Activity Scale-3. At the second visit, the subjects
who met the criteria underwent resting EEG acquisition
and VWM testing. A flowchart of the subject recruit-
ment process is shown in Fig. 1.

The inclusion criteria were as follows: (1) registered
university student; (2) aged between 17 and 25 years
old; (3) right-handed; (4) Beck Depression Inventory
scores ranged from 14 to 28 in the group with depressive

Sign the informed consent form

Excluding :
Non-current enrolled college students(n=1)

Inclusion of eligible college students
(n=136)

With Depressive Without depressive
Symptoms Group symptoms group
(n=67) (n=69)

Fig. 1 Flowchart of subject recruitment

Age inappropriateness(n = 2)
Participants are left-handed(n = 2)
Students majoring in sports(n = 1)
History of psychiatric disorders(n = 2)
Use of psychotropic medications(n = 2)
Activity restriction(n = 2)
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symptoms and were <14 in the group without depressive
symptoms.

The exclusion criteria were as follows: (1) students
majoring in sports; (2) those with a history of psychiatric
disorders; (3) past or current use of psychotropic medica-
tions; (4) and activity restrictions.

This study was approved by the Ethics Committee
of Shanghai University of Sport (Ethical Approval No.
102772024RT108). All the participants were informed of
the measurement procedures and potential risks prior to
the experiment and provided written informed consent.

Test procedure

The testing was conducted from September to Decem-
ber 2023, with all the sessions held between 13:30 and
16:30 (including EEG signal collection and question-
naire administration). The testing procedure is shown in
Fig. 2. The participants were instructed to avoid intense
exercise and refrain from consuming caffeinated or alco-
holic beverages within 24 h prior to testing. All the sub-
jects provided informed consent and participated in the
experiment voluntarily.

Questionnaire survey

Sociodemographic questionnaire A sociodemographic
questionnaire was designed to collect basic informa-
tion about the subjects, including sex, age (years), height
(meters), weight (kg), residence registration (urban/rural),
social participation, smoking habits (=1 cigarette per day
for 6 consecutive or cumulative months) and alcohol con-
sumption habits (> once per week for the past year).

Beck depression Inventory-II (BDI-II) The scale
includes 21 items, each rated on a 0 to 3 point scale. The
total score is the sum of all the items, with scores rang-
ing from 0 to 63 [52]. Based on the classifications pro-
vided by the scale, scores of 0-13 indicate no depression,
14-19 indicate mild depression, 20-28 indicate moder-
ate depression, and 29-63 indicate severe depression. The
Cronbach’s a coefficient for this questionnaire in the cur-
rent study was 0.86 [53].
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Fig. 2 Testing flowchart
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Physical activity Scale-3 (PARS-3) The scale was devel-
oped by Koshio Hashimoto, and this study used the Chi-
nese version revised by Liang Deqing et al. [54]. The scale
mainly reflects the physical activity of individuals in the
last month, including intensity, duration, and frequency.
Intensity and frequency are divided into 5 grades and
scored from 15 points, and duration is divided into 5
grades and scored from 04 points. The formula for calcu-
lating the amount of physical activity is intensity x dura-
tion x frequency, and the score range is 0—100 points. The
Cronbach’s alpha coefficient of the questionnaire in this
study was 0.82 [55].

Verbal working memory

This study was designed with the classic “N-back” ver-
bal working memory task paradigm, and the VWM task
indicators included reaction time and accuracy rate, as
shown in Fig. 3. The specific task design was as follows:
the N-back task used MATLAB software. The partici-
pants completed the experiment by tapping on the key-
boards of computers. The screen randomly displayed
eight different uppercase letters—B, D, H, K, M, P, S, and
Y. Participants were instructed to remember the letters
themselves, disregarding their spatial position. A total
of 76 trials were performed, including 10 practice trials
and 66 formal trials. Only after achieving a 75% accu-
racy rate in the 10 practice trials could the participants
begin the formal trials. Otherwise, they needed to press
the “Q” key to repeat the practice, with a maximum of
three extra practice attempts. After the practice trials, the
participants were instructed to rest for 30 s before press-
ing the “Enter” key to start the formal trials. The formal
trials consisted of 66 trials with the following sequence:
a fixation point “+” was presented for 3000 ms on the
screen, followed by an image containing one letter for
2000 ms, with a 1000 ms interstimulus interval. The sub-
jects were asked to remember the letter itself, ignoring its
spatial position. If the current letter was identical to the
Nth letter prior to it, they pressed the “L” key; if not, they
pressed the “F” key. The ratio of stimulus match to non-
match trials was 1:1.

_______________________

Sit-down test Smin

VWM reaction]
time 1
7

_______________________
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Fig. 3 Diagram of the VWM task (N-back)

EEG signal acquisition and data processing
EEG signals were recorded using an EEG device
(NCERP-190012) produced by Nuo Cheng China (NCC)
Electrophysiology Co., Ltd., which was equipped with a
preamplifier and employed 16 unipolar leads. The sam-
pling rate was set at 500 Hz, with a high-pass filter at
0.3 Hz, a low-pass filter at 30 Hz, and a notch filter at
50 Hz. Electrodes were applied according to the 10/20
system recommended by the International Society for
Electroencephalography, with lead electrodes placed at
the following sites: left frontal (Fpl), right frontal (Fp2),
left posterior frontal (F3), right posterior frontal (F4), left
central (C3), right central (C4), left parietal (P3), right
parietal (P4), left anterior (F7), right anterior (F8), left
occipital (O1), right occipital (O2), left temporal (T3),
right temporal (T4), left posterior temporal (T5), and
right posterior temporal (T6). The ground electrode was
positioned at the frontal midline, and reference elec-
trodes were placed on both earlobes (Al and A2). Dur-
ing testing, the participants were asked to remain awake
and relax their bodies while they were resting, with their
hands naturally positioned at their sides and their eyes
closed. The participants were instructed to avoid clench-
ing their teeth or swallowing saliva. EEG signals were col-
lected for five minutes while the participants sat quietly.
EEG signals were divided into the following frequency
bands by the recording equipment: delta (1-4 Hz), theta
(4—8 Hz), alphal (8-10.5 Hz), alpha2 (10.5-13 Hz), betal
(13-20 Hz), and beta2 (20-30 Hz). The frequency ranges
were defined as left-closed, right-open intervals, with the
boundary values assigned to the higher frequency band.
Data segments with clear artifacts, such as eye movement
artifacts, were removed using specialized software. Each
lead signal was categorized by brain region, including the
orbital frontal (Fp1, Fp2), anterior frontal (F3, F4), lateral
frontal (F7, F8), central (C3, C4), parietal (P3, P4), occipi-
tal (O1, O2), temporal (T3, T4), and posterior temporal
(T5, T6) regions. The EEG power value for each brain
region was calculated as P_left + P_right.

Statistical analysis

The data were statistically analyzed using SPSS 26.0 soft-
ware. Quantitative data were assessed for normality by
the Shapiro-Wilk test, normally distributed data were
described as means *standard deviations, and indepen-
dent samples t tests were used to compare intergroup
differences between university students with and without
depressive symptoms. For categorical data, frequencies
(percentages) were used to describe the data, and chi-
squared tests were applied for intergroup comparisons.
Correlations among depressive symptom scores, physical
activity, VWM reaction time, and EEG indicators in uni-
versity students with depressive symptoms were analyzed
by Pearson’s correlation analysis. Mediation analyses were
conducted using the PROCESS macro (Model 4) of SPSS
provided by Hayes [56] to examine the mediating role of
the VWM reaction time in the correlation between phys-
ical activity and depressive symptom scores. Mediating
effects were tested using the bootstrap method with 5000
resamples to generate confidence intervals. All the statis-
tical analyses were performed using a two-tailed test, and
the significance level was set at «=0.05 to indicate the
significance of the statistical results.

Results

Sociodemographic characteristics of the subjects

A total of 136 university students, with an average age of
19.81+1.285 years, height of 1.68+0.075 m, and weight
of 62.40+14.666 kg, participated in this study. A total
of 3.7% of them had smoking habits, and 22.1% had
drinking habits. The average physical activity score was
16.65 +18.056 points, the accuracy rate of the VWM task
was 0.88£0.069, and the reaction time was 1.04+0.142.
University students with depressive symptoms and those
without depressive symptoms did not present significant
differences in age, sex, height, weight, household, smok-
ing, or alcohol consumption indicators (all P>0.05), but
the difference in social participation was statistically sig-
nificant (¢=15.114, P<0.05), as university students with
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Table 1 Sociodemographic characteristics of the subjects
Variable Overall Without Depressive Symptoms With Depressive Symptoms t/x? P
N=136 N=69 N=67
Age (years old) 19.81+£1.285 19.80+1.389 19.82+1.180 -0.108 0915
Sex (%) 0.727 0.394
Female 515 55.1 47.8
Male 485 449 522
Height (m) 1.68+0.075 1.69+£0.075 1.67£0.075 0.898 0.371
Weight (kg) 6240+ 14.666 60.68+11.540 64.16+£17.220 -1.389 0.167
Registered residence (%) 3.100 0.078
Urban 8.8 13.0 4.5
Rural 91.2 87.0 955
Drinking habit (%) 0.255 0614
Yes 22.1 203 239
No 779 79.7 76.1
Smoking habit (%) 0.178 0.673
Yes 3.7 43 3.0
No 96.3 95.7 97.0
Social participation (%) 15.114 0.002
None 25.0 14.5 358
1-3 times/week 706 826 582
4-6 times/week 1.5 29 0
Every day 29 0 6.0
Physical activity 16.65+18.056 23.23+21.742 9.88+9.382 4.673 <0.001
VWM accuracy rate (%) 0.88+0.069 0.88+0.060 0.87£0.078 0.580 0.563
VWM reaction time (s) 1.04+0.142 1.01+£0.147 1.08+0.128 -2.877 0.005
40 students without depressive symptoms, university stu-
1=0.349, P<0.05 dents with depressive symptoms had less physical activ-
ity, the reaction time of VWM was shorter, and the
differences were significant (both P<0.05). The aver-
30 ° age accuracy rate of VWM was 87%, which did not dif-
2 fer significantly (¢=0.580, P>0.05). This result suggests
/M that physical activity and the VWM reaction time may be
20— potential factors contributing to depressive symptoms.
Correlations between depressive symptom scores and
VWM (reaction time) in university students with depressive
10 I I I symptoms
0.6 0.8 1.0 1.2 1.4 A correlation analysis was conducted to examine the

VWM reaction time

Fig. 4 Correlation between depressive symptom scores and VWM (reac-
tion time) Note: BDI indicates the depressive symptom score; VWM is ver-
bal working memory

depressive symptoms showed lower social participation,
as shown in Table 1.

Independent samples t tests were used to analyze dif-
ferences in VWM and physical activity between uni-
versity students with depressive symptoms and those
without depressive symptoms. The results revealed that
the average reaction time of university students with
depressive symptoms was 1.08 s, and the average physi-
cal activity score was 9.88. Compared with university

correlation between depressive symptom scores and
the VWM reaction time. As shown in Fig. 4, depres-
sive symptom scores were positively correlated with the
VWM reaction time (r=0.349, P<0.05). The higher the
depressive symptom score was, the slower the VWM
reaction time was.

Correlations among physical activity, depressive symptom
scores and VWM (reaction time) in university students with
depressive symptoms

After controlling for confounding factors, Pearson’s cor-
relation analysis was conducted to examine the cor-
relations among physical activity, depressive symptom
scores and VWM (reaction time) in university students
with depressive symptoms. As shown in Fig. 5, physical
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VWM reaction time

Fig. 5 Correlations among physical activity, depressive symptom scores and VWM (reaction time) Note: PARS-3 indicates physical activity; BDI indicates

depressive symptom scores; VWM indicates verbal working memory

Table 2 Regression analysis of the mediating role of VWM (reaction time) between physical activity and depressive symptoms

Outcome variable

Predictor variable

Overall fit index

Significance of the regression

coefficients
R R? F B t P
VWM reaction time Physical activity 0.3338 0.1114 8.1490 -0.0046 -2.8547 0.0058
Depressive symptoms Physical activity 0.3688 0.1360 10.2353 -0.1713 -3.1993 0.0021
Depressive symptoms Physical activity 04398 0.1935 76760 -0.1319 -2.3847 0.0201
VWM reaction time 8.6616 2.1347 0.0366

Table 3 Analysis of total effects, direct effects, and mediating

effects

Type of effect  Effect size se LLCI ULCI Effect proportion
Total effect -0.171 0.054 -0.278 -0.064 100%

Direct effect -0.132 0.056 -0.242 -0.021 77.19%
Mediating effect -0.039 0.025 -0.096 -0.001 22.81%

activity was negatively correlated with the depressive
symptom score (r = -0.369, P<0.05) and VWM reaction
time (r = -0.334, P<0.05). These findings indicate that the
higher the physical activity score is in university students
with depressive symptoms, the lower the depressive
symptom score and the faster the VWM reaction time.

The mediating role of VWM (reaction time) in the
correlation between physical activity and depressive
symptom scores
This study considered the VWM reaction time as a medi-
ator in the structural equation model to study the poten-
tial mechanism underlying the effect of physical activity
on depressive symptoms. The PROCESS macro of SPSS
(Model 4) was adopted to conduct regression analyses of
the mediating effects. The test results in Table 2 showed
that physical activity negatively predicted the VWM
reaction time (8 =-0.0046, P<0.01). In addition, physical
activity negatively predicted depressive symptoms (8 =
-0.1319, P<0.05), and the VWM reaction time positively
predicted depressive symptoms (3 =8.6616, P<0.05).

A bootstrap approach was used to analyze how the
VWM reaction time mediated the correlation between
physical activity and depressive symptoms. According to

Table 3, the bootstrap 95% confidence intervals for the
mediating effects of physical activity on depressive symp-
toms and VWM reaction time did not include 0. The
direct effect of physical activity on depressive symptoms
was —0.132 (95% CI = -0.242 to -0.021), which accounted
for 77.19% of the total effect, whereas the effect mediated
by VWM was —0.039 (95% CI = -0.096 to -0.001), which
accounted for 22.80% of the total effect.

As shown in Fig. 6, these results suggested that physi-
cal activity reduced depressive symptoms through both
direct and indirect pathways (by improving the VWM
reaction time) and that physical activity could benefit
patients with depressive symptoms.

Selection of EEG indicators in relation to depressive
symptom scores and VWM (reaction time)

Pearson’s correlation analysis was used to explore the
correlations between EEG indicators, depressive symp-
toms and the VWM reaction time. The results are shown
in Fig. 7, where betal and beta2 power values in frontal
regions (FP1, FP2), delta power values in frontal regions
(F3, F4), and frontal regions (F7, F8) were the EEG indi-
cators that were associated with depressive symptoms
and the VWM reaction time. The more obvious the
depressive symptoms and the longer the reaction time of
university students with depressive symptoms, the lower
the EEG activity on these EEG indicators, especially in
the frontal and central regions. Those indicators that
were correlated with each other were referred to as EEG-
specific indicators in this paper.
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VWM reaction time
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Fig. 6 The mediating role of the VWM reaction time in the correlation between physical activity and depressive symptoms
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depressive symptom score

Correlations between EEG-specific indicators and physical
activity in university students with depressive symptoms
We calculated Pearson’s correlation coefficients to
explore the correlations between physical activity and
EEG-specific indicators. As shown in Fig. 8, physical
activity was positively correlated with beta2 power values
in frontal regions (FP1, FP2), delta power values in fron-
tal regions (F3, F4), and frontal regions (F7, F8) (P<0.05).
These results suggest that physical activity is strongly
correlated with neurophysiological activity—the higher
the level of physical activity is, the stronger the activation
of relevant EEG indicators.

Discussion

The results of the study showed that the physical activity
scores of university students with depressive symptoms
differ from those of university students without depres-
sive symptoms. A negative correlation was observed
between the physical activity score and depressive
symptom score, which is consistent with the findings of

previous studies. Inadequate physical activity has been
found to be a risk factor for depressive symptoms in uni-
versity students [57], and increasing the level of physi-
cal activity in university students can effectively regulate
and improve depression [58, 59]. In addition, long-term
physical activity can lead to positive self-evaluations in
individuals, increasing positive emotions and decreasing
negative emotions such as depression [60, 61]. The rea-
son for this improvement may be that physical activity
reduces depressive symptoms by improving physiologi-
cal mechanisms such as enhancing neuronal plasticity,
increasing the levels of pentraxin and brain-derived neu-
rotrophic factor, promoting the regulation of the hypo-
thalamic-pituitary-adrenocortical (HPA) axis, and
suppressing inflammatory responses [62].

We found that the VWM reaction time partially medi-
ated the relationship between physical activity and
depressive symptoms and that physical activity was asso-
ciated with depressive symptoms; we also identified a
possible indirect link to depressive symptoms through
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Fig. 8 Correlations between EEG-specific indicators and physical activity. Note: PARS-3 indicates the physical activity score

the VWM reaction time. Physical activity increases blood
circulation in the brain and enhances neuroplasticity,
which improves an individual's VWM [63], and indi-
viduals who participate in physical activity on a regular
basis perform better at processing and storing informa-
tion [64]. Exercise may improve VWM by increasing
brain-derived neurotrophic factor (BDNF) levels and the
hippocampal volume [65, 66], thus reducing depressive
symptoms.

We found that the brain regions showing EEG indica-
tors related to depressive symptom scores and VWM
(reaction time) were beta2 waves in frontal regions (FP1,
FP2) and delta waves in (F3, F4) and (F7, F8). Delta-band
hyperactivity in patients with depressive symptoms is
a compensatory mechanism for depressive symptom-
induced cortical deficits, which can be mediated through
the modulation of cognitive functions [67]. With increas-
ing exercise, beta-wave power values increase, which may
be related to elevated attention demands and arousal lev-
els after exercise [68] and is usually associated with an
increase in beta-wave power values [69]. With increasing
amounts of physical activity, the activation of beta and
delta power values increased. This finding suggests some
common neurophysiological basis between the effects
of physical activity on depressive symptoms and VWM:
the greater the level of physical activity, the greater the
degree of activation of activity in these brain regions.

We also found that university students with depressive
symptoms may have impaired VWM and showed lon-
ger reaction times when completing the “N-back” VWM
task; thus, the reaction time may be a major indicator of
impaired VWM in university students with depressive

symptoms. This result is inconsistent with previous stud-
ies in which the “accuracy rate” was the main indicator
[45]. Patients with depressive symptoms often experience
abnormal activation of the frontal lobes when performing
working memory tasks [70, 71], which may be the main
reason for the prolonged reaction time. Furthermore, dif-
ferences in samples, research methodologies, and exter-
nal factors may have led to the inconsistent results.

Limitations of this paper: The sample size of this study
was not large enough, which may affect the precision of
the statistics of the correlation coefficients and the esti-
mation of the mediating path coefficients. Future stud-
ies should increase the sample size to better validate and
extend the results of this study. This study used an obser-
vational research design, and future studies should utilize
a longitudinal or experimental design with long-term
follow-up to investigate the causal relationships among
physical activity, depressive symptoms and VWM. Social
participation factors were not adequately considered in
this study, which may impact the results, and research on
social participation variables could be considered when
the same group is explored in the future. In addition,
future studies could incorporate questionnaires, EEG
measurements, and other neuroimaging techniques, such
as fMRI, to more fully understand the effects of physical
activity on brain structure and function and how these
changes may be associated with depressive symptoms
and VWM.
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Conclusions

Differences in physical activity and the VWM reac-
tion time were observed between university students
with depressive symptoms and those without depressive
symptoms. Three variables, depressive symptom scores,
VWM, and physical activity, have mutually related EEG
indicators, which may provide a useful addition to the
clinical identification of and targeting of interventions in
the population with depressive symptoms. Verbal work-
ing memory partially mediated the relationship between
physical activity and depressive symptoms, but the medi-
ating path coefficient accounted for a low percentage.
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