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Canonical correlation analysis of
anxiety symptom and behavioral
inhibition/activation system
among college students and their
relationship with physical activity

Wenli Wang & Hairong Liu™*

To explore the association between anxiety symptoms, BIS/BAS and the relationship between both
and physical activity in college students. A cross-sectional research design was used to recruit 4962
current college students to fill out three scales: generalised anxiety, behavioural inhibition/activation
system, and physical activity level, which were analysed using statistical methods such as independent
samples t-tests, Pearson correlation coefficient analyses, canonical correlation analyses, and one-way
analyses of variance (ANOVAs). Female students had a higher detection rate of anxiety symptoms
(41.58%), higher reward responsiveness scores for female students and higher behavioural inhibition
scores for male students. Behavioural inhibition and reward responsiveness were found to be canonical
correlations of anxiety symptoms in college students. Among male students, behavioural inhibition
was associated with nervousness and irritability, while reward responsiveness was associated with
nervousness and worry too much. In female students, behavioural inhibition was associated with
uncontrollable worrying, feeling afraid, while reward responsiveness was associated with nervousness,
restlessness. The lower the level of physical activity, the higher the score of anxiety symptoms in male/
female (p <0.05). The higher the level of physical activity, the higher the score of reward responsiveness
in the behavioural activation system of male/female students (P <0.05); and the effect of the level

of physical activity on the behavioural inhibition score of college students was non-linear. Intensity,
duration and frequency of physical activity were negatively correlated with anxiety symptoms and
positively correlated with reward responsiveness, but not with behavioural inhibition. For females,
vigorous/high-intensity exercise with a duration greater than 30 min once a day was most effective in
alleviating anxiety symptoms. For males, vigorous exercise lasting >30 min, 3-5 times per week, was
most effective in reducing anxiety symptoms. To improve reward responsiveness, females benefited
most from vigorous exercise lasting > 30 min once a day, while males benefited most from vigorous
exercise lasting > 60 min once a day. Behavioural inhibition and reward responsiveness were canonically
correlated with anxiety symptoms in college students, with differences in canonical correlations
between male and female college students. But both could improve behavioural inhibition and reward
responsiveness, mitigate specific symptoms of anxiety by modulating physical activity levels.

Keywords College students, Anxiety symptom, Behavioural inhibition/activation system, Physical activity,
Canonical correlation

Anxiety is an emotional state characterized by excessive and persistent worry!, often without a clear focus or
direction?. Common symptoms include irritability, somatic tension, and insomnia®. Anxiety is among the most
prevalent psychological issues in college students, with the detection rate rising from 16.6 to 34.8% over the past
decade?, and continuing to increase in recent years®. This growing prevalence underscores the urgent need to
identify effective strategies for alleviating anxiety and enhancing students’ well-being, academic performance,
and personal development. The behavioral inhibition/activation system consists of the Behavioral Activation
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System (BAS) and the Behavioral Inhibition System (BIS)®. BIS/BAS is a theoretical model developed by
psychologist Jeffrey Gray to describe how individuals respond to motivationally driven behaviour’. They are the
two main motivational systems in the brain, which are associated with emotion regulation, behavioural responses,
and an individual’s adaptive behaviour, respectively®. The BAS is sensitive to rewarding, non-punishing, and
punishment-avoidant stimuli, leading to a tendency to approach incentive signals and contributing to positive
emotional experiences. In contrast, the BIS is responsive to punishment, non-reward, and novelty stimuli,
manifesting as withdrawal or avoidance in response to error signals, which inhibits behavioral responses and is
associated with negative emotional experiences®®. Therefore, abnormalities in the sensitivity of the BIS and BAS
can result in behavioral and psychopathological issues, with anxiety being a prominent example!®!!. Previous
studies have shown that personality traits (BIS and BAS) account for all genetic variation in depressive and
anxiety symptoms'2. Neuroanatomically, BIS sensitivity is associated with gray matter volume (rGMV) in the
parahippocampal region, while BAS sensitivity is linked to rtGMYV in the ventromedial prefrontal and inferior
parietal regions. These findings suggest that brain regions associated with processing negative emotions and
reward-related information may be linked to rGMYV related to BIS and BAS™.

Evidence suggests that physical activity effectively promotes mental health, offering benefits such as high
adherence, minimal side effects, and lasting results'®!>. Cross-sectional studies have reported a negative
association between physical activity and anxiety symptoms in college students 7, while longitudinal studies
have confirmed significant reductions in anxiety scores after 6 weeks of regular exercise'®. Research also indicates
that moderate to high-intensity physical activity is positively associated with BAS!°, while low-intensity activity
is linked to BIS?. Furthermore, individuals with high BAS exhibit greater motivation to engage in physical
activity and experience more positive emotional responses to exercise?!. Neurobiological studies have shown that
exercise increases cerebral blood flow??, upregulates neurotrophic factors??, enhances hypothalamic-pituitary-
adrenal axis function?, and inhibits pro-inflammatory cytokine secretion®. These effects stimulate the central
nervous system?®, enhancing the behavioral activation system and helping alleviate negative emotions such as
anxiety?.

A review of the existing literature indicates that physical activity can effectively alleviate anxiety symptoms*®
and modulate the behavioral inhibition/activation system (BIS/BAS) in college students?. Previous studies
have not examined whether the synchronization of behavioral inhibition and activation systems with anxiety
symptoms exists in college students, nor clarified the relationship between physical exercise components and
anxiety symptoms or BIS/BAS. The primary objective of this study was to investigate the synchrony between
anxiety symptoms and the BIS/BAS systems; thus, canonical correlation analysis (CCA) was selected. Canonical
correlation analysis is particularly suited for examining concurrent changes and associations between
multidimensional variables, rather than establishing causal relationships. This approach contrasts with methods
such as path analysis or structural equation modeling (SEM). Based on existing research and identified gaps,
this study proposes three hypotheses: (a) Anxiety symptoms are synchronized with BIS/BAS. (b) Higher levels
of physical activity are associated with lower anxiety symptom scores in college students. (c) Higher physical
activity levels are associated with higher behavioral activation scores and lower behavioral inhibition scores.
Although physical activity was a key aspect of this study, its potential to introduce complexity into the model
led us to exclude it from the combined causal model of BIS/BAS and psychological symptoms. Instead, a one-
way analysis of variance (ANOVA) was employed to compare groups with varying levels of physical activity.
This decision aligns with the primary objective of the study, which was to elucidate the synchrony between BIS/
BAS and anxiety symptoms. This study aims to test these hypotheses using a cross-sectional design, providing
guidance for clinical identification and targeted interventions for anxiety and depression symptoms in college
students, as well as offering insights for researchers and university administrators.

Research subjects and methods

Recruitment of subjects

The test had run from February to August 2024. College students were recruited from seven colleges and
universities in Songjiang University City, Shanghai, according to a cross-sectional study design with randomised
cluster sampling. The sample size was calculated using the formula: “n>pa/2 * p* (1 — p)/82 * deff*°, where the
significance level (a) was set at 0.05, the sampling tolerance (§) at 0.03, and the design effect (deff) for cluster
sampling at 3. Previous data indicated that the anxiety symptom detection rate was 24.215% for male college
students and 25.146% for female students’!. Based on these rates, the required sample size was calculated to be
2350 for male students and 2411 for female students, yielding a total sample size of 4761. Considering a balanced
gender ratio at Songjiang University City and assuming a 5% attrition rate, a total of 5011 students were planned
for recruitment. Sampling was performed on a class basis, with 125 classes selected to participate. Ultimately,
5125 college students volunteered, recruited through outreach by teachers and researchers who distributed the
questionnaires.

Subjects in this study were current university students, and all subjects volunteered to take the test and signed
an informed consent form. The informed consent was obtained from all subjects and/or their legal guardians.
The study was approved by the university ethics committee. Name of ethics committee: Ethics Review From for
Studies at School of Education, SISU. Ethics number: SISUGJ2024015. The research have been performed in
accordance with the Declaration of Helsinki. We confirm that all research was performed in accordance with
relevant guidelines/regulations.

Questionnaire survey process and quality control:

(1) Pre-test procedures Researchers underwent centralized training to ensure familiarity with the inclusion and
exclusion criteria for participant selection. Only individuals meeting the inclusion criteria and not the ex-
clusion criteria were included in the study, with participants assigned numbers based on their order of
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Recruitment

inclusion. Researchers were trained on standardized procedures for administering each screening scale,
ensuring accurate real-time data recording. Before completing the survey, participants were provided with
instructions, the study’s purpose was explained, and any questions were addressed. Participants were in-
formed that the data would be used solely for scientific research and that their responses should be honest,
independent, and voluntary. They were also informed of their right to withdraw from the study at any time.

(2) During the test: Researchers prompted participants to respond according to the provided instructions.

(3) Post-test procedures Researchers reviewed the completed questionnaires for missing items or responses in-
consistent with common sense. Missing or incorrect responses were addressed to ensure the completeness,
accuracy, and truthfulness of the data. Questionnaires with completion times under 3 min, patterned re-
sponses, or those failing to meet the inclusion/exclusion criteria were excluded to maintain a high effective
response rate.

The specific process is outlined in Fig. 1.
Inclusion Criteria (1) Aged 18-24 years; (2) Right-handed; (3) No history of mental illness and no current use
of psychotropic drugs; (4) No chronic physical conditions, no history of brain injury, and no visual impairments.
Exclusion Criteria (1) Age outside the inclusion range; (2) Left-handedness; (3) Long-term or recent use
of psychotropic drugs, drugs affecting physical mobility, cholinergics, or similar substances; (4) Severe
cardiovascular disease, major organic disorders, or impaired vision or hearing that would prevent completion
of the test.

Test instruments

General information questionnaire

This questionnaire collects basic demographic and lifestyle information from the study subjects, including age,
gender, height, weight, smoking and drinking habits, one child, and single parents.

Physical activity rating scale-3 (PARS-3)

The PARS-3, developed by Kimio Hashimoto and revised by Deqing Liang?, demonstrates good reliability and
validity®*. This scale primarily assesses physical activity over the past month, focusing on intensity, duration,
frequency, and overall volume. Physical activity is rated across three dimensions: intensity, duration, and
frequency. The scoring system includes a 5-point scale for intensity and frequency (ranging from 1 to 5), and a
5-point scale for duration (ranging from 0 to 4). The total score is calculated as: Activity =Intensity * Duration
* Frequency. The score range is 0-100, with low-intensity activity defined as 19 or below, moderate-intensity
activity ranging from 20 to 42, and high-intensity activity defined as 43 or above. In this study, the Cronbach’s a
coeflicient for the questionnaire was 0.651.

Behavioral inhibition/activation system scale (BIS/ BAS)

The Behavioral Inhibition/Activation System (BIS/BAS) scale was originally developed by Carver and White in
19943 and later revised by Li Yanzhang et al. in China’. The revised scale consists of four dimensions: behavioral
inhibition and three behavioral activation dimensions—reward responsiveness, drive, and fun seeking—
comprising 18 items in total. The scale uses a four-point Likert scoring system, with responses ranging from 1
(strongly disagree) to 4 (strongly agree). The total score for reward responsiveness and drive ranges from 4 to
16, while the total score for fun seeking and behavioral inhibition ranges from 5 to 20. Higher scores indicate a
stronger tendency in the corresponding dimension. In this study, the Cronbach’s a coefficient for the BIS/BAS
scale was 0.908, with 0.902 for the BAS subscale and 0.796 for the BIS subscale.

Generalized anxiety disorder 7-item scale (GAD-7)

Anxiety symptoms were assessed using the Generalized Anxiety Disorder 7-item scale (GAD-7), developed by
Spitzer et al. based on the diagnostic criteria from the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV), and later revised by Yu Wang et al. The GAD-7 is one of the most widely used tools
for anxiety measurement in clinical practice and research®°. Studies both domestically and internationally
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Fig. 1. Flowchart of the test process with the inclusion and exclusion process.
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have demonstrated the high reliability and validity of the GAD-7 in anxiety screening*’~*’. The GAD-7 requires
respondents to report the frequency of seven core symptoms of generalized anxiety disorder over the past two
weeks, with response options ranging from "not at all" to "nearly every day" (scored 0 to 3). The seven core
symptoms are: nervousness (GAD1), uncontrollable worrying (GAD2), worry too much (GAD3), trouble
relaxing (GAD4), restlessness (GADS5), irritability (GAD6), and feeling afraid (GAD?7). The total score is the
primary statistic, with higher scores indicating more severe anxiety. Scores range from 0 to 21, with the following
categories: 0-4 indicating no anxiety or subclinical anxiety, 5-9 indicating mild anxiety, 10-14 indicating
moderate anxiety, and 15-21 indicating severe anxiety. In this study, the Cronbach’s a coefficient for the GAD-7
was 0.939.

Mathematical and statistical methods

All statistical analyses were performed using SPSS 29.0 software. A two-tailed test was used with a significance
level of a=0.05. Continuous data are presented as mean + standard deviation, and categorical data are expressed
as percentages, with results rounded to two decimal places. Independent sample t-tests were used to compare
the age, BMI, BIS/BAS, anxiety symptoms, and physical activity levels between male and female college students
(significant differences). Chi-square tests were used to compare drinking habits (significant), smoking habits
(significant), only-child status (not significant), and single-parent status (not significant) between male and
female students. Pearson correlation coefficients were used to analyze the relationship between BIS/BAS and
anxiety symptoms. The primary objective of this study was to investigate the synchrony between anxiety
symptoms and the BIS/BAS systems. To this end, canonical correlation analysis (CCA) was employed, as it is
well-suited for examining concurrent relationships and associations among multidimensional variables, rather
than establishing causal links. Canonical correlation analysis was employed to extract statistically significant
variable pairs, using their correlation coefficients to assess the degree of relationship between canonical variables,
followed by examining their loadings to test their contributions to the respective canonical variables. Canonical
redundancy analysis was used to evaluate the explanatory power of the canonical variables. Descriptive statistics
were used to describe anxiety and BIS/BAS scores. To avoid the complexity of causal modeling, physical activity
variables were excluded from the combined causal model for BIS/BAS and psychological symptoms. Instead,
a one-way analysis of variance (ANOVA) was conducted to compare BIS/BAS and anxiety symptoms across
different levels of physical activity (exercise intensity, frequency, and duration). Descriptive statistics were used
to summarize the anxiety and BIS/BAS scores for different physical activity dimensions.

Results

Basic characteristics of the subjects

Anxiety symptoms were observed in 35.17% of male participants and 41.58% of female participants. As shown in
Table 1, males scored significantly lower than females on most dimensions of the Generalized Anxiety Disorder

Comparison
between groups
Variables Male (n=2343) | Female (n=2619) | t/y2 P
BMI (kg/mz) 22.81+£3.63 21.28+4.38 13.277 ]0.242
Age (years) 19.57+1.48 19.31+£1.42 6.232 <0.001
Alcohol consumption (yes%) | 30.30 14.20 186.964 | <0.001
Basic information
Smoking (yes%) 11.00 1.60 203.833 | <0.001
One child (yes%) 19.40 21.30 0.351 0.554
Single parents (yes%) 4.50 4.90 0.080 0.777
Reward responsiveness 13.32+2.09 13.56 +£1.87 -4.217 <0.001
Drive 12.82+2.34 12.65+2.17 2.627 0.009
BIS/BAS
Fun seeking 15.75+2.73 15.54+2.45 2.836 0.005
Behavioural inhibition 15.30+2.94 15.16+2.69 1.715 0.086
GAD-7 3.21+3.84 3.89+3.99 -8.904 <0.001
Nervousness 0.54+0.63 0.70+0.67 -6.212 <0.001
Uncontrollable Worrying 0.46£0.64 0.58+0.70 -6.961 | <0.001
Worry too Much 0.53+0.68 0.67+0.73 -6.068 <0.001
Anxiety symptoms
Trouble Relaxing 0.48+0.67 0.60+0.73 -0.967 0.334
Restlessness 0.38+0.60 0.40+0.60 -5.811 <0.001
Irritability 0.43+0.61 0.53+0.65 -1.446 0.148
Feeling Afraid 0.40+0.61 0.42+0.63 -6.176 <0.001
PARS-3 27.08+23.25 13.35+14.64 22.68 <0.001
Intensity 2.69+1.23 1.94+1.06 18.633 <0.001
Physical activity
Duration 2.57+1.28 1.92+1.19 9.385 <0.001
Frequency 3.20+0.98 2.94+0.97 24.556 <0.001

Table 1. Basic characteristics of included subjects.
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Uncontrollable | Worry too | Trouble Feeling
Gender | BIS/BAS GAD-7 | Nervousness | worrying much relaxing | Restlessness | Irritability | afraid
Reward r|-0326 | -0.283 ~0.285 ~0.259 -0.283 |-0.303 -0.292 ~0.285
responsiveness | 5 | <0,001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001
. r|-0330 [-0311 -0.279 ~0.287 -0.286 |-0.282 -0.286 -0.279
rive
Male p | <0.001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001
(n=2343) r|-0252 | -0.244 -0.223 -0.214 -0.227 |-0210 -0.201 -0214
Fun seeking
<0.001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001
Behavioural | 7 | = 0.045 | —0.061 -0.023 -0.035 ~0.043 |-0.052 -0.028 -0.030
inhibition p 0031 |0.003 0.272 0.095 0038  [0.012 0.174 0.141
Reward r|-0.166 |-0.123 ~0.134 -0.118 ~0.144 |-0.160 -0.145 -0.167
responsiveness | , | <0,001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001
b r|-0279 | -0271 -0.247 -0.236 -0.228 |-0210 -0.242 -0215
rive
Female p | <0.001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001
(n=2619) r|-0.152 | -0.155 -0.138 -0.142 | -0157 |-0.083 -0.103 ~0.115
Fun seeking
p | <0.001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001
Behavioural | 7 | 0:213 | 0.165 0215 0.205 0.190 | 0.140 0.161 0.178
inhibition p | <0.001 | <0.001 <0.001 <0.001 <0.001 | <0.001 <0.001 <0.001

Table 2. Correlation coefficient matrix of BIS/BAS, anxiety symptoms.

Test of significance

Gender Canonical correlation pair | Canonical correlation coefficient | Eigenvalue | Wilks’ | Chi-SQ | F P
1 0.418 0.212 0.803 | 8409.568 | 18.793 | <0.001
0.130 0.017 0.974 | 6599.206 | 3.461 | <0.001
Male (n=2343)
3 0.079 0.006 0.990 | 4668.000 | 2.256 0.013
4 0.059 0.003 0.997 | 2335.000 | 2.013 0.090
1 0.431 0.228 0.777 | 9404.700 | 24.331 | <0.001
2 0.157 0.025 0.954 | 7379.852 | 6.878 | <0.001
Female (n=2619)
3 0.138 0.019 0.978 | 5220.000 | 5.834 | <0.001
4 0.054 0.003 0.997 | 2611.000 | 1.937 0.102

Table 3. Canonical correlation coefficients and significance tests for BIS/BAS and anxiety symptoms.

scale (all P<0.001). However, males scored higher than females on drive and fun seeking (P <0.05), but lower
on reward responsiveness (both P<0.001). Additionally, male students reported significantly higher levels
of physical activity, including greater exercise intensity, duration, and frequency (all P<0.001). To minimize
potential bias, data were analyzed separately for male and female college students.

Relationship between BIS/BAS, anxiety symptoms in college students

Pearson correlation analyses were conducted to examine the relationships between the BIS/BAS dimensions
and anxiety symptoms among college students, as shown in Table 2. Significant negative correlations were
observed between the BIS/BAS dimensions and the anxiety scale dimensions for both male and female
college students (all P<0.001). In female students, a significant positive correlation was found between the
behavioral inhibition dimension and anxiety scale dimensions (P<0.001). Among male students, no significant
correlations were observed between behavioral inhibition and the anxiety symptoms of uncontrollable worrying
(r=-0.023, P=0.272), worry too much (r=- 0.035, P=0.095), irritability (r=— 0.028, P=0.174), and feeling
afraid (r=— 0.030, P=0.141). However, all other anxiety symptoms were significantly positively correlated with
behavioral inhibition (all P<0.001). Strong negative correlations were found between the drive and anxiety
symptoms in both male and female students (r<— 0.210, P<0.001), representing the strongest association in
the study. Significant correlations were also observed between most other BIS/BAS dimensions and anxiety
symptoms, laying the groundwork for subsequent canonical correlation analyses.

Canonical correlation analysis was performed to explore the relationship between the BIS/BAS and anxiety
symptom dimensions, as shown in Table 3. Four pairs of canonical variables were extracted for each group. In
female students, the first three pairs were significant (all P<0.001), with canonical correlation coefficients of
0.431, 0.157, and 0.138, respectively. In male students, the first three pairs were significant (all P<0.05), with
canonical correlation coefficients of 0.418, 0.130, and 0.079, respectively. Due to the lower coefficient of the third
pair in both groups, only the first two pairs were further analyzed.

As shown in Fig. 2, among male college students, the canonical variables ul and u2 exhibited higher loading
coefficients for behavioural inhibition (0.736) and reward responsiveness (1.553), respectively. The canonical
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Fig. 2. Canonical correlation analysis load coefficient.

variable v1 had higher loading coefficients for nervousness (0.233) and irritability (0.213), while v2 showed
higher loading coefficients for nervousness (1.057) and worry too much (0.866). These findings suggest that
dysfunction in behavioural inhibition in male students may be more strongly associated with the symptoms
of nervousness and irritability, while dysfunction in reward responsiveness may be more closely linked to
nervousness and worry too much. In males, the BIS/BAS is more strongly correlated with the anxiety symptoms
of nervousness, irritability, and worry too much. Furthermore, within these anxiety symptoms, the three
symptoms demonstrated a more synchronous manifestation.

Among female college students, the canonical variables ul and u2 exhibited higher loading coefficients
for behavioural inhibition (0.874) and reward responsiveness (1.283), respectively. The canonical variable
vl had higher loading coefficients for uncontrollable worrying (0.298) and feeling afraid (0.237), while v2
showed higher loading coeflicients for nervousness (0.760) and restlessness (0.757). These findings suggest that
dysfunction in behavioural inhibition in female students may be more strongly associated with the symptoms of
uncontrollable worrying and feeling afraid, whereas dysfunction in reward responsiveness may be more closely
linked to the symptoms of nervousness and restlessness. The BIS/BAS system exhibited a stronger association
with uncontrollable worrying, feeling afraid, nervousness, and restlessness among anxiety symptoms in female
students. Furthermore, within these anxiety symptoms, the four symptoms demonstrated a more synchronous
manifestation.

The above results validate hypothesis (a).

The loading coefficients for both behavioural inhibition and reward responsiveness functions were higher in
both genders, indicating that these two functions are more strongly associated with anxiety symptoms within the
behavioural inhibition and activation system.

As shown in Table 4, the first canonical redundancy for male BIS/BAS was 50.90%, and for male anxiety
symptoms, it was 80.10%. The second canonical redundancy for male BIS/BAS was 13.20%, while for male
anxiety symptoms, it was 7.30%. For female BIS/BAS and anxiety symptoms, the first canonical redundancy was
33.40% and 79.00%, respectively, while the second canonical redundancy was 13.20% for female BIS/BAS and
4.60% for female anxiety symptoms.
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Gender Interpretant X1 X2 X1+X2 | Y1 Y2 Y1+Y2
BIS/BAS 0.407 | 0.102 | 0.509 0.131 | 0.001 | 0.132
Male (n=2343)
Anxiety symptoms | 0.071 | 0.002 | 0.073 0.749 | 0.052 | 0.801
BIS/BAS 0.237 | 0.097 | 0.334 0.130 | 0.002 | 0.132

Female (n=2619)

Anxiety symptoms | 0.044 | 0.002 | 0.046 0.702 | 0.088 | 0.790

Table 4. Explanatory power of typical variables (%). Note: The first canonical redundancy represents the
percentage of variance in the original set of variables explained by the canonical variables formed within the
same set, while the second canonical redundancy indicates the percentage of variance in the original set of
variables explained by the canonical variables formed by the other set.

Male (n=2343) Female (n=2619)
Symptoms/functions Low (n=1149) | Moderate (n=602) | High (n=592) | Low (n=2045) | Moderate (n=420) | High (n=154)
GAD-7 3.59+3.89 297+3.77 2.70+£3.73 4.03+£4.05 3.45+3.82 3.37+3.53
Nervousness 0.59+0.63 0.51+0.62 0.45+0.62 0.72+£0.68 0.65+0.66 0.62+0.63
Uncontrollable Worrying 0.60+0.71 0.50+0.69 0.49+0.66
Worry too much 0.59+0.68 0.49+0.67 0.45+0.67
Trouble relaxing
Restlessness 0.42+0.60 0.34+0.57 0.33+0.57
Irritability 0.49+0.63 0.38+0.59 0.35+0.57
Feeling afraid 0.45+0.65 0.34+0.58 0.31+0.53
Reward responsiveness 13.14+2.09 13.35+2.07 13.67+2.08 13.51+1.87 13.65+1.87 13.98+1.81
Behavioural inhibition 15.26+2.83 15.18+2.93 15.49+3.14 15.17+2.68 15.07+£2.73 15.22+2.76

Table 5. Comparison of GAD-7 and BIS/BAS scores of college students with different levels of physical
activity. A blank space indicates that the symptom/function was excluded based on the results of previous
canonical correlation analyses.

Relationship between BIS/BAS, anxiety symptoms, and physical activity in college students
One-way ANOVA and descriptive statistics were used to compare and describe the scores on the anxiety scale,
Behavioral Inhibition and Activation scales, and their subdimensions among college students with different
levels of physical activity. The results are presented in Table 5 and Fig. 3.

As male students’ physical activity levels decrease, their GAD-7 scores increase. Specifically, the low activity
group exhibited higher scores for nervousness, worry too much, and irritability compared to the medium and
high activity groups. Among male students in the low activity group, excessive worry had the highest score,
while nervousness was most prominent in the medium activity group. These findings suggest that worry too
much may be the primary manifestation of anxiety symptoms in male students with low physical activity levels,
while nervousness is more prevalent in those with moderate activity levels.

For female students, as physical activity levels decrease, GAD-7 scores increase, with a significant difference
in anxiety scores between the low and medium activity groups (P<0.05). Specifically, the low activity group
scored significantly higher on nervousness, uncontrollable worrying, restlessness, and feeling afraid compared
to the medium activity group. Within each group, nervousness was the most prominent symptom across all
physical activity levels. These findings suggest that nervousness may be the primary manifestation of anxiety in
female students.

Between groups, higher levels of physical activity were associated with increased reward responsiveness in
the BIS/BAS system for both male and female students. Additionally, the relationship between physical activity
levels and behavioral inhibition scores was non-linear. Females consistently exhibited higher mean scores for
reward responsiveness than males across all activity levels, while males had higher mean scores for behavioral
inhibition. These findings suggest that enhanced reward responsiveness may be the primary benefit of physical
activity on the BIS/BAS in females, whereas reduced behavioral inhibition may be the key benefit of moderate
physical activity levels in males.

The above results verify hypotheses (b) and (c).

As shown in Table 6, the intensity, duration, and frequency of physical activity were positively correlated with
reward responsiveness, negatively correlated with anxiety symptoms, and showed no significant correlation with
behavioral inhibition in both male and female college students. Specifically, in female students, nervousness was
negatively correlated with intensity and duration, but not with frequency. Similarly, uncontrollable worrying in
female students was negatively correlated with duration, but showed no significant correlation with intensity or
frequency.

The potential non-linear relationship between physical activity, anxiety, and reward responsiveness in college
students was further examined usingline graphs. As shown in Fig. 4, reward responsiveness was highest in females
engaging in high-intensity exercise (> 30 min, 1 time/day). In contrast, vigorous exercise combined with > 60 min
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Fig. 3. Comparison of anxiety symptoms and BIS/BAS scores between male and female college students
with varying physical activity levels. GI Nervousness, G2 Uncontrollable Worrying, G3 Worry too much, G5
Restlessness, G6 Irritability, G7 Feeling Afraid. A1 Reward Responsiveness, I1 Behavioral Inhibition System.

Intensity Duration Frequency

Gender Symptoms/functions r P r P r P
Reward responsiveness | 0.082 <0.001 | 0.095 <0.001 |0.076 <0.001
Behavioral inhibition 0.005 0.816 |0.016 |0.442 |0.016 |0.433

Male (n=2343) Nervousness —-0.098 | <0.001 | —0.086 | <0.001 | —0.047 | 0.024
Worry too much -0.105 | <0.001 | —0.094 | <0.001 | -0.053 | 0.010
Irritability —0.094 | <0.001 | —0.095 | <0.001 | -0.073 | <0.001
Reward responsiveness 0.059 0.002 0.063 0.001 0.072 <0.001
Behavioral inhibition —-0.018 | 0.348 —-0.010 | 0.598 |0.011 0.564

Female (n=2619) Nervousness —-0.041 | 0.037 —-0.052 | 0.007 —0.004 | 0.846
Uncontrollable worrying | —0.034 | 0.083 | —0.066 | 0.001 —-0.002 | 0.927
Restlessness —-0.039 | 0.046 | —0.068 | <0.001 | —-0.071 | <0.001
Feeling afraid -0.064 | 0.001 -0.067 | 0.001 -0.057 | 0.003

Table 6. Matrix of correlation coefficients between physical activity and BIS/BAS and anxiety symptoms
among college students.

of activity resulted in the lowest G1 scores in females. G2 scores were lowest in females with > 60 min of physical
activity, while the lowest G5 scores were observed with vigorous exercise (31-59 min, 1 time/day). Finally, the
lowest G7 scores were recorded in females engaging in high-intensity exercise for > 60 min, 1-7 times/week.

For males, high exercise intensity (> 60 min, 1 time/day) was associated with the highest reward responsiveness.
Vigorous or higher intensity exercise,>60 min, 3-5 times/week, resulted in the lowest G1 scores. Vigorous
exercise intensity (31-59 min, 1 time/day) was linked to the lowest G3 scores, while the lowest G6 scores were
observed in males with vigorous exercise intensity (31-59 min, 1-5 times/week).

In conclusion, high exercise intensity (> 30 min, 1 time/day) had the most beneficial effect on female reward
responsiveness, while high exercise intensity (>60 min, 1 time/day) was most beneficial for male reward
responsiveness. Vigorous or high exercise intensity (>30 min, 1 time/day) was most effective for anxiety
intervention in females, while vigorous exercise intensity (>30 min, 3-5 times/week) was most effective for
anxiety intervention in males.
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Fig. 4. Relationship between physical activity and anxiety symptoms and BIS/BAS among college students. G1
Nervousness, G2 Uncontrollable worrying, G3 Worry too much, G5 Restlessness, G6 Irritability, G7 Feeling
afraid, AI Reward responsiveness.

Discussion

The present study found a high prevalence of anxiety symptoms among college students, with a higher prevalence
in female students compared to males. A previous study on the mental health of 7,143 Chinese college students
reported anxiety symptom detection rates of 25.146% for females and 24.215% for males®!, partially supporting
the findings of the current study*'.

The association between anxiety symptoms and the BIS/BAS system in college students is a key area of
research. The present study confirmed a significant relationship between anxiety symptoms and the BIS/BAS
through canonical correlation analysis, aligning with findings from previous studies**~*%. Hypothesis (a) was
validated, with similar conclusions drawn in prior cross-sectional studies. Previous research has identified strong
associations between behavioral inhibition*>*® and behavioral activation—particularly reward responsiveness—
and anxiety symptoms through large-scale studies*”*. For instance, David et al. found that females exhibited
higher BIS sensitivity and lower BAS tendencies on the BAS/BIS scale in a sample of 2208 subjects, suggesting
that females may be more predisposed to anxiety symptoms*’. Shaunt’s study also revealed a link between
BAS-reward responsiveness and anxiety in a cross-sectional analysis of 459 college students®. More detailed
conclusions are provided in previous review studies. Additionally, Charles found that BIS dysfunction was
associated with nervousness symptoms based on a literature review’!. Building on these findings, the current
study contributes novel insights by highlighting gender differences in the manifestation of these associations.
Specifically, in males, behavioral inhibition dysfunction might be more closely linked to nervousness and
irritability, while reward responsiveness dysfunction could be associated with nervousness and worry too much.
In females, behavioral inhibition dysfunction may be more strongly correlated with uncontrollable worry and
fear, while reward responsiveness dysfunction might be linked to nervousness and restlessness. These findings
provide an important addition to the existing literature, offering valuable insights for the diagnosis and treatment
of anxiety symptoms and suggesting that specific dysfunctions may require tailored intervention strategies.

This study shows that higher levels of physical activity are associated with lower anxiety symptom scores in
college students®?, consistent with previous cross-sectional studies, thus validating hypothesis (b)'®. This study
further revealed that the manifestations of anxiety symptoms varied by gender and physical activity levels in
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college students. Specifically, worry too much was the predominant anxiety symptom in male students with low
physical activity, while nervousness was the primary symptom in those with medium activity levels. In female
students, nervousness consistently emerged as the main anxiety symptom, regardless of physical activity level.
These findings offer new directions for exercise interventions targeting emotional well-being in college students.
Additionally, the study found that the intensity, duration, and frequency of physical activity were negatively
correlated with anxiety symptoms, supporting results from previous research. Similar conclusions have been
mentioned in previous review and experimental studies. Singh et al. conducted a systematic review of 77 studies
and concluded that higher intensity physical activity was more effective in alleviating anxiety!”. Similarly, Xin
et al. found that engaging in low-to-high-intensity physical activity twice a week improved anxiety symptoms,
based on an analysis of 26 different prescribed therapies®. Building on these findings, The present study suggests
that vigorous or high-intensity exercise (=30 min, once a day) could be the most effective intervention for
anxiety in female students, while vigorous exercise (=30 min, 3-5 times per week) may be the most effective
intervention for male students. Numerous studies have explored the biological mechanisms underlying these
effects™, revealing that exercise can prevent and alleviate anxiety symptoms by increasing serum BDNF levels™,
modulating the autonomic nervous system (ANS) “6, decreasing heart rate variability (HRV) *, and reducing
parasympathetic nervous system activity’>?”>8. Furthermore, the psychological mechanisms may include
improvements in self-efficacy®?, self-esteem®, and reductions in anxiety sensitivity, all of which contribute to
the alleviation of negative emotions®*¢..

The present study demonstrated that higher levels of physical activity were associated with higher scores in
behavioural activation-reward responsiveness among college students?, while the relationship between physical
activity and behavioural inhibition scores was found to be non-linear®?, consistent with prior research. This
finding partially validates hypothesis (c). The present study suggests that there may be gender- and activity
level-specific benefits for the BIS/BAS. Specifically, increased reward responsiveness could be the primary
benefit of physical activity for female students’ BIS/BAS, while decreased behavioral inhibition might be the
main benefit of moderate physical activity for male students. Additionally, the study found that the intensity,
duration, and frequency of physical activity were positively correlated with reward responsiveness but showed
no significant correlation with behavioral inhibition®®, partially corroborating previous findings'. Similar
conclusions have been reported in previous cross-sectional and experimental studies. The study suggests that
high-intensity physical activity (>30 min, once a day) may have the greatest impact on reward responsiveness
in female students, while the same duration of physical activity (>60 min) could be most effective for male
students. Previous studies have highlighted brain regions involved in behavioral inhibition and activation,
such as the ventral striatum, hippocampus, hypothalamus, and insula®. Physical exercise has been shown to
enhance behavioral activation by increasing left frontal cortical activity®® and to reduce behavioral inhibition
by decreasing right frontal cortical activation®. These findings provide further insight into the neurobiological
mechanisms underlying the effects of physical activity on the BIS/BAS system.

This study suggests that physical activity might enhance sensitivity to reward responsiveness in behavioral
activation while possibly reducing sensitivity to behavioral inhibition. Additionally, it emphasizes the importance
of considering gender-specific differences in physical activity dosage to effectively alleviate anxiety symptoms
and related negative emotions in college students. The results provide scientific evidence for anxiety interventions
in college students and suggest that detailed exercise plans can facilitate personalized interventions and optimize
the design of university sports curricula.

Limitations

(1) The measurement tools used in this study were all self-report questionnaires, which may introduce sub-
jective bias. Future research could benefit from incorporating objective assessment tools, such as accel-
erometers and heart rate monitors, to evaluate physical activity, along with psychologist interviews and
EEG-magnetoencephalography for a more accurate assessment of anxiety symptoms.

(2) Anxiety symptoms in this study were assessed using the Generalized Anxiety Disorder Scale. However, as
anxiety can be divided into state and trait anxiety, the findings may not apply to all anxiety-related groups.
Future studies could categorize anxiety symptoms more specifically based on their nature and source to
enhance the specificity and applicability of the results.

(3) The advantage of cross-sectional studies lies in their ability to analyze large numbers of individuals or
groups simultaneously, making them useful for describing group characteristics. However, they have cer-
tain limitations: since data are collected at a single time point, causal relationships between variables cannot
be established, and only correlations can be identified. Additionally, cross-sectional studies reflect data from
a specific time point and cannot capture temporal changes or long-term effects. Future research should
integrate multiple methods (applied research, review studies, theoretical research) based on the field’s char-
acteristics to further explore physical activity, anxiety symptoms, and BIS/BAS in college students.

Conclusion or recommendation

College students’ BIS/BAS functions are significantly correlated with anxiety symptoms, and physical activity
has been shown to improve both BIS/BAS functioning and anxiety symptoms. The effects of physical activity on
these variables vary by intensity, duration, and frequency, with notable gender differences. It is recommended
that universities encourage students experiencing anxiety to increase physical activity, while also considering
gender-specific exercise intensity and dosage to enhance reward responsiveness in behavioral activation and
reduce behavioral inhibition, thereby alleviating anxiety symptoms.
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