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Abstract
Objective To explore the mediating effects of physical exercise on internet addiction in Chinese college students 
and to reveal the mediating effects of loneliness and learning burnout on physical exercise and internet addiction.

Methods 1238 Chinese college students were investigated by physical exercise scale, loneliness scale, learning 
burnout scale, and internet addiction scale. The SPSS 27.0 was used to conduct a correlation analysis of the data and 
AMOS21.0 was used to establish a structural equation model to investigate the mediation effect.

Results Physical exercise could directly negatively predict the internet addiction of college students. Loneliness 
and learning burnout partially mediate the relationship between physical exercise and internet addiction, and the 
mediating pathways included “physical exercise-loneliness-internet addiction”, “physical exercise-learning burnout-
internet addiction”, and “physical exercise-loneliness-learning burnout-internet addiction”, accounting for 9.38%, 
15.63% and 21.88% of the total effect, respectively. In the chain mediation effect, it was mainly the loneliness and sub-
dimensions of learning burnout (low mood, misbehavior) that were at play.

Conclusion Physical exercise not only directly affects internet addiction of college students but also indirectly affects 
internet addiction through the independent mediating effect of loneliness and learning burnout and the chain 
mediating effect of “loneliness-learning burnout”.
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Introduction
The 50th Statistical Report on the Development of the 
Internet in China shows that by June 2022, the number of 
internet users in China has reached 1.051 billion, and the 
internet penetration rate was as high as 74.4%. Among 
them, teenagers were the most active group of netizens, 
especially college students, the internet has penetrated 
their daily study and life and becomes an indispensable 
part [1]. However, the internet is undoubtedly a “dou-
ble-edged sword”, because it allows college students to 
experience and enjoy its richness and convenience, but 
also easily makes them fall into the vortex of “Internet 
addiction”. Internet addiction refers to a kind of mental 
behavior disorder caused by repeated excessive use of the 
internet by individuals, which is manifested as a strong 
desire and increased tolerance for the reuse of the inter-
net, withdrawal reaction when stopping or reducing the 
use of the internet, and may be accompanied by mental 
and physical pathological symptoms [2, 3], such as com-
pulsive internet behavior, internet addiction withdrawal 
reaction, internet addiction tolerance, interpersonal and 
health problems, and time management problems [4]. 
The research points out that internet addiction will have 
a serious negative influence and harm Chinese college 
students’ studies, interpersonal relationships, and physi-
cal and mental health [5]. Therefore, in the increasingly 
severe situation of internet addiction among college stu-
dents, it is of great significance to explore the influenc-
ing factors and mechanisms of internet addiction for the 
prevention or improvement of internet addiction among 
college students in China and even around the world.

Physical exercise and internet addiction
As a green, safe, and environmentally friendly interven-
tion strategy, physical exercise has been proven to have 
a positive effect on preventing or improving individual 
internet addiction [6]. For example, adolescents who reg-
ularly participate in physical activity tend to have higher 
levels of physical and mental health and lower levels of 
Internet addiction [7], and high physical exercise can 
directly negatively predict the internet addiction of col-
lege students [8]. Studies have found that long-term Tai 
Chi exercise could alleviate the level of internet addic-
tion of Chinese college students by reducing their 
scores of compulsive internet behavior, internet addic-
tion withdrawal reaction, internet addiction tolerance, 
interpersonal and health problems, and time manage-
ment problems [9]. The mechanism of physical exercise 
on internet addiction was relatively complex. Petronel 
[6] pointed out that participating in diversified physi-
cal activities could strengthen the connection between 
teenagers and their peers in real life, to help them get 
rid of the programmed and virtualized network social 
interaction environment. Meanwhile, physical exercise 

could improve the mental health level of internet addicts, 
which was manifested as relief of somatization symp-
toms, relief of anxiety, a catharsis of bad emotions, and 
establishment of positive coping styles [10]. It can be seen 
that regular physical exercise has different degrees of 
influence on college students’ internet addiction and its 
sub-dimensions. Therefore, this study proposed hypoth-
esis H1 that physical exercise has a direct negative pre-
dictive effect on college students’ internet addiction and 
its sub-dimensions.

The mediating effect of loneliness
College students are at an important stage of developing 
peer relationships, pursuing autonomy and individuation, 
and are susceptible to loneliness [11]. Loneliness refers 
to a kind of negative emotion caused by an individual’s 
desire for social interaction and the gap between them 
and the actual level [12], which was considered to be a 
significant predictor of internet addiction among college 
students [13], and college students with higher emotional 
experiences of loneliness were more likely to develop 
internet addiction [14]. The loneliness of college stu-
dents has a predictive effect on their tendency to internet 
addiction, showing that self-loneliness and developmen-
tal loneliness can predict their tolerance and withdrawal 
reaction to compulsive internet use and internet addic-
tion [15]. Davis pointed out in the cognitive-behavioral 
model [16] that individuals with higher feelings of loneli-
ness were more inclined to overuse the internet as psy-
chological compensation. Interestingly, physical exercise 
was believed to be able to effectively improve individual 
loneliness. Physical exercise contains an important social 
component, which helps to meet teenagers’ social needs 
and expectations, improve their interpersonal and social 
skills, and prevent loneliness [17, 18]. Further studies 
have found that exercise could improve and regulate the 
mental health of college students, release their psycho-
logical pressure to a certain extent, increase social oppor-
tunities through exercise, reduce negative emotions such 
as loneliness, and thus relieve mobile phone addiction 
[19]. Therefore, this study proposes hypothesis H2 that 
loneliness has a mediating effect between physical exer-
cise and internet addiction and its sub-dimensions.

The mediating effect of learning burnout
Learning burnout is an important cause of internet 
addiction among college students. It refers to the nega-
tive attitude and behavior of weariness of learning due 
to learning pressure or lack of interest, which is usually 
manifested as low mood, misbehavior, and low sense of 
achievement [20], as well as the lack of recognition of 
the necessity of learning or student identity. Learning 
burnout will not only reduce students’ academic perfor-
mance but also increase the occurrence of truancy [21]. 
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Studies showed that there was a significant positive cor-
relation between learning burnout and internet addiction 
among college students [22], showing that low mood was 
positively correlated with internet addiction tolerance, 
interpersonal and health problems, and misbehavior 
was significantly positively correlated with interpersonal 
and health problems and time management problems 
[23]. The essence of internet addiction caused by learn-
ing burnout may be unsatisfied needs [24], and if college 
students cannot be satisfied with their studies, they are 
likely to turn to the internet to seek compensation, and 
eventually, it is easy to lead to internet addiction [25]. As 
a personal resource, physical exercise can reduce indi-
vidual pressure and prevent burnout symptoms [26], 
enhance individual mental health, reduce fatigue and 
relieve tension, and facilitate the recovery of emotional 
resources, thus reducing learning burnout [27]. Some 
competitive and interesting exercise programs can effec-
tively improve the sense of achievement of teenagers with 
internet addiction, thus reducing their degree of internet 
addiction [28]. Therefore, this study proposes hypoth-
esis H3 that learning burnout has a mediating effect 
between physical exercise and internet addiction and its 
sub-dimensions.

The chain mediation effects of loneliness and learning 
burnout
The individual-Emotion-cognitive-executive model 
(I-PACE) of internet addiction points out that indi-
vidual characteristics will affect executive function and 
inhibitory control through emotional and cognitive 
characteristics, thus affecting internet addictive behav-
iors [29]. According to the model, physical exercise, 
a personal resource, may influence internet addictive 
behavior through the combination of emotional and 
cognitive characteristics such as loneliness and learning 
burnout. Although there are few studies on the correla-
tion between loneliness and learning burnout, limited 

studies have shown that compared with college students 
with less loneliness, those with a higher degree of lone-
liness felt tired in the learning process and had a higher 
frequency of symptoms such as a low sense of achieve-
ment, interpersonal alienation, negative learning emo-
tions, and emotional exhaustion [30]. However, few 
studies have explored the role of loneliness and learning 
burnout in the influence of physical exercise on the path 
of individual internet addiction at present, as well as the 
path relationship between the sub-dimensions of vari-
ables, especially Chinese college students who are prone 
to internet addiction. Therefore, based on the previous 
three research hypotheses, this study proposed hypoth-
esis H4 for Chinese college students that loneliness and 
learning burnout have a chain mediation effect between 
physical exercise and internet addiction and its sub-
dimensions (see Fig. 1 for the hypothesis diagram of the 
mediation model).

Participants and methods
Participants
This study adopts a cross-sectional research design to 
conduct a random sample survey of college students in 
three universities in Southwest China, and all partici-
pants (including freshmen to seniors) were voluntary 
participants. Firstly, to ensure the authenticity of the 
questionnaire filling, after the questionnaire content and 
precautions were fully explained to the participants, the 
survey was conducted in the form of on-site question-
naire distribution and supervision, and the time for par-
ticipants to fill in the questionnaire should not be less 
than 10 min. Secondly, after the participants fill out the 
questionnaire, they need to hand it to the on-site staff 
to recover the questionnaire data. Finally, the staff sum-
marized all the completed questionnaires and found that 
a total of 1500 questionnaires were issued in this study, 
and 1342 were recovered, with a recovery rate of 89.47%. 
In addition, to improve the accuracy of the data, 104 
samples with unknown key information, incomplete fill-
ing, random filling, and missing data were eliminated in 
the data pre-processing through descriptive statistics, 
numerical conversion, and missing value processing, and 
1238 valid questionnaires were obtained, with an effec-
tive rate of 92.25%. Demographic data showed that the 
average age of the participants was 19.96 ± 1.59 years, 
there were 689 males (55.65%) and 549 females (44.35%). 
Among them, were 480 freshmen (38.77%), 269 sopho-
mores (21.73%), 278 juniors (22.46%), and 211 seniors 
(17.04%). It should be pointed out that the grade division 
was carried out following the unified standards of China. 
This study was approved by the Ethics Committee of the 
School of Physical Education, Southwest University of 
China (SWU-TY202105) and followed the Declaration Fig. 1 Hypothesis diagram of mediating model between loneliness and 

learning burnout in physical exercise and internet addiction
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of Helsinki, and written informed consent was obtained 
from all participants.

Measurement tools
Internet addiction scale
The selected Internet Addiction Scale was compiled by 
Chen et al. [4]. There were 26 items on the scale, including 
5 sub-dimensions: compulsive internet behavior, internet 
addiction withdrawal, internet addiction tolerance, inter-
personal relationship and health, and time management. 
The Likert 4-point scoring was adopted, the total score 
of internet addiction was the sum of 20 items, and the 
score range was 26 to 104 points. The higher the score, 
the higher the level of addiction. In this study, the retest 
reliability of this scale was high, and the correlation coef-
ficient r = 0.83. Each factor load was greater than 0.5, AVE 
was greater than 0.5, and the combined reliability CR 
was greater than 0.8, indicating that the scale has good 
convergent validity. Meanwhile, the Cronbach α coef-
ficient of this scale was 0.91, and the coefficients α of 
the sub-dimensions were 0.87, 0.90, 0.90, 0.92, and 0.89, 
respectively. The results of confirmatory factor analysis 
were as follows: x2/df = 1.96, RMSEA = 0.04, AGFI = 0.98, 
TLI = 0.97, CFI = 0.99, IFI = 0.96, GFI = 0.99. It showed that 
the scale has good reliability and validity in this study.

Loneliness scale
The Loneliness Scale (UCLA) was compiled and revised 
by Russell et al. [12, 31], which has been translated and 
verified in Chinese college students [32]. There were 20 
items on the scale, which was a single dimension. The 
Likert 4-point scoring was adopted, the total score of 
loneliness the sum of 20 items, and the score range was 
20 to 80 points. The higher the score, the stronger the 
loneliness. In this study, the retest reliability of this scale 
was high, and the correlation coefficient r = 0.86. Factor 
load was greater than 0.5, AVE was greater than 0.5, and 
combined reliability CR was greater than 0.7, indicating 
that the scale has good convergent validity. Meanwhile, 
the Cronbach α coefficient was 0.80. It showed that the 
scale has good reliability and validity in this study.

Learning burnout scale
The selected Learning Burnout Scale was compiled by 
Lian et al. [20] for college students. The scale consists of 
20 items, including 3 sub-dimensions: low mood, mis-
behavior, and low sense of accomplishment. The Likert 
5-point scoring was adopted, the total score of learning 
burnout was composed of scores of 20 items, and the 
score range was 20 to 100 points. The higher the score, 
the higher the level of learning burnout. In this study, the 
retest reliability of this scale was high, and the correlation 
coefficient r = 0.78. Each factor load was greater than 0.7, 
AVE was greater than 0.6, and the combined reliability 

CR was greater than 0.7, indicating that the scale has 
good convergent validity. Meanwhile, the Cronbach α 
coefficient of the total table was 0.86, and the Cronbach 
α coefficients of the sub-dimensions were 0.86, 0.71, 
and 0.77, respectively. The results of confirmatory fac-
tor analysis were as follows: x2/df = 2.12, RMSEA = 0.06, 
AGFI = 0.93, TLI = 0.97, CFI = 0.92, IFI = 0.94, GFI = 0.96. It 
showed that the scale has good reliability and validity in 
this study.

Physical activity rating scale
The Physical Activity Rating Scale (PARS-3) compiled by 
Liang [33] was adopted to evaluate the physical exercise 
status of the subjects from the three aspects of exercise 
intensity, frequency, and time. The Likert 5-point scor-
ing was adopted, and the exercise intensity and frequency 
from weak to strong were respectively calculated as 1 to 
5 points, and exercise time from weak to strong was cal-
culated as 0 to 4 points. The formula “exercise intensity × 
exercise time × exercise frequency” was used to quantify 
the total score of exercise behavior, with the score rang-
ing from 0 to 100, and the higher the score, the greater 
the exercise amount. In this study, the retest reliabil-
ity of this scale was high, and the correlation coefficient 
r = 0.82. Factor load was greater than 0.5, AVE was greater 
than 0.6, and combined reliability CR was greater than 
0.5, indicating that the scale has good convergent valid-
ity. Meanwhile, the Cronbach α coefficient of this scale 
was 0.83. It showed that the scale has good reliability and 
validity in this study.

Data
SPSS27.0 was used for data processing and analysis in 
this study. Firstly, descriptive analysis was used to make 
statistics on the sample data, and exploratory factor 
analysis and confirmatory factor analysis were used to 
test the reliability and validity of the scale. Secondly, the 
Pearson correlation analysis was used to investigate the 
correlation between variables. Finally, AMOS21.0 was 
used to establish the structural equation model and path 
model to investigate the mediating effects of loneliness 
and learning burnout on physical exercise and internet 
addiction and their sub-dimensions, and the Bootstrap 
mediation test was used to test the mediating effects. The 
significance level of all indicators was set at P < 0.05.

Results
Common method deviation test
During the test, this study adopted anonymous ques-
tionnaire measurement, positive and negative scoring, 
standardized test, and other program control methods 
to carry out control, and Harman single factor test was 
used to investigate the common method deviation [34]. 
The results showed that there were 10 factors with 
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characteristic roots greater than 1, and the variance 
explained by the first factor was 31.18%, less than the 
critical standard of 40%. Therefore, there was no problem 
with common methodology bias.

Correlation analysis of physical exercise, loneliness, 
learning burnout, and internet addiction
The results of the correlation analysis showed that 
(Table  1): physical exercise was negatively correlated 
with loneliness, learning burnout, and internet addiction. 
There was a significant positive correlation between lone-
liness and learning burnout and the five sub-dimensions 
of internet addiction, respectively. There was a significant 
positive correlation between learning burnout and five 
sub-dimensions of internet addiction. The correlation 

between the study variables was significant, which pro-
vides a good basis for the subsequent test of the media-
tion effect.

The mediating effect of loneliness and learning burnout on 
physical exercise and internet addiction
According to the process of mediating effect test pro-
posed by Wen et al. [35], this study investigated the path 
relationship between physical exercise, loneliness, learn-
ing burnout, and internet addiction among college stu-
dents (Fig.  2). First, the total effect of physical exercise 
on internet addiction was tested, and then the model 
fitting and the significance of each path coefficient were 
tested after adding mediating variables (loneliness, learn-
ing burnout). Moreover, gender, age, and grade were 

Table 1 Correlation coefficients among physical exercise, loneliness, learning burnout, and five sub-dimensions of internet addiction
Variables PE LL LB COB IAWR IAT IRH TM
PE 1.00
LL -0.26*** 1.00
LB -0.26*** 0.53*** 1.00
COB -0.27*** 0.36*** 0.50*** 1.00
IAWR -0.26*** 0.35*** 0.46*** 0.80*** 1.00
IAT -0.29*** 0.36*** 0.44*** 0.74*** 0.79*** 1.00
IRH -0.29*** 0.40*** 0.48*** 0.70*** 0.72*** 0.75*** 1.00
TM -0.26*** 0.39*** 0.49*** 0.70*** 0.72*** 0.60*** 0.83*** 1.00
Mean 24.15 43.44 56.28 10.96 10.49 8.63 14.58 10.75
SD 25.41 7.80 10.58 3.24 3.21 2.66 4.42 3.35
Note: ***means P < 0.001. PE means physical exercise, LL means loneliness, LB means learning burnout, COB means compulsive online behavior, IAWR means internet 
addiction withdrawal reaction, IAT means internet addiction tolerance, IRH means interpersonal relationship and health, and TM means time management

Fig. 2 Chain mediation model of loneliness and learning burnout between physical exercise and internet addiction. Note:*means P < 0.05,**means 
P <0.01,***means P < 0.001.
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controlled in the structural equation model in the form 
of covariables. In the total effect model, physical exercise 
directly and negatively predicted internet addiction (β1=-
0.31, P < 0.001). After adding the two mediating variables 
of loneliness and learning burnout, the path coefficient of 
physical exercise on internet addiction decreased from 
β1 to β2, but the path coefficient still reached the signifi-
cant level (β2=-0.17, P = 0.006), and the fitting indexes of 
the total effect and the mediating effect model reached 
the acceptable level.

The results of mediating effect test showed that: (1) 
Physical exercise could significantly negatively predict 
loneliness (β=-0.26, P < 0.001), and loneliness could sig-
nificantly positively predict internet addiction (β = 0.11, 
P = 0.033), indicating that the mediating effect of “physi-
cal exercise → loneliness →internet addiction” was sig-
nificant, and its effect size was − 0.26 × 0.11=-0.03. (2) 
Physical exercise could significantly negatively predict 
learning burnout (β=-0.10, P = 0.039), and learning burn-
out could significantly positively predict internet addic-
tion (β = 0.50, P < 0.001), indicating that the mediating 
effect of “physical exercise → learning burnout →inter-
net addiction” was significant, and its effect size was 
− 0.10 × 0.50=-0.05. Moreover, according to the research 
suggestion of Taylor et al. [36] on the probability and sta-
tistical efficacy of type I errors when there are “mediating 
effects of three paths”, the joint significance method was 
adopted to test the chain mediating effect of “loneliness 
→learning burnout” between physical exercise and inter-
net addiction. The results showed that: (3) Loneliness 
could significantly positively predict learning burnout 
(β = 0.53, P < 0.001), indicating that the mediating effect 
of “physical exercise →loneliness →learning burnout 
→internet addiction” was significant, and the effect size 
was − 0.26 × 0.53 × 0.50= -0.07.

Through the effect decomposition of various paths 
between physical exercise and internet addiction 
(Table  2), it was found that the total effect of physical 
exercise on internet addiction was − 0.32, the ratio of 
direct effect to total effect was 53.13%, and the ratio of 
intermediary effect to total effect was 46.87%. Among 
them, the mediating effect of loneliness accounted 
for 9.38%, the mediating effect of learning burnout 
accounted for 15.63%, and the mediating effect of “loneli-
ness →learning burnout” accounted for 21.88%, and the 

mediating effect size of the chain was significantly higher 
than that of the single one.

To further reveal the specific path mechanism of physi-
cal exercise affecting internet addiction, this study estab-
lished a path relationship model among major variable 
quantum sub-dimensions (Fig.  3). The results showed 
that (Table 3): (1) “loneliness →low mood” had a signifi-
cant chain mediating effect between the physical exercise 
and five sub-dimensions of internet addiction, and the 
effect values were − 0.03, -0.04, -0.02, -0.02, -0.03, respec-
tively. (2) “loneliness →misbehavior” had significant 
chain mediating effects on physical exercise and com-
pulsive internet behavior, internet addiction tolerance, 
interpersonal relationship and health, and time manage-
ment, and the effect values were − 0.01, -0.01, -0.02, and 
− 0.02, respectively. (3) “loneliness →low sense of accom-
plishment” only had a significant chain mediating effect 
between physical exercise and compulsive online behav-
ior, and the effect value was − 0.01. Therefore, all the 
hypotheses of this study have been effectively confirmed.

Discussion
The direct effect of physical exercise on internet addiction
This study found that physical exercise has a significant 
direct negative predictive effect on internet addiction 
among college students. A study has shown that physical 
exercise could regulate the relationship between inter-
net addiction and adolescents’ psychological and physi-
cal symptoms [37]. Meanwhile, the previous study only 
generally stated that physical exercise has positive effects 
on reducing individual internet addiction [7], and did not 
investigate the effect relationship between variables from 
the dimension level. This study found that physical exer-
cise has a direct negative predictive effect on compulsive 
internet behavior, internet addiction withdrawal reaction, 
internet addiction tolerance, interpersonal relationship 
and health, and time management of college students. 
This was more consistent with previous studies [9], indi-
cating that college students could satisfy their inner needs 
through physical exercise instead of using the internet, to 
prevent or improve internet addiction from psychologi-
cal and behavioral levels. The endogenous mechanism 
could be explained as that physical exercise improves the 
exercisers’ excitement and pleasant experience, and when 
the pleasant emotional experience was generated, it will 

Table 2 Effect decomposition of physical exercise on internet addiction
Influence path Standardized effect value Total effect ratio Boot 95%CI Significance
Physical exercise →internet addiction -0.17 53.13% (-0.23, -0.15) √
Physical exercise →loneliness →internet addiction -0.26 × 0.11= -0.03 9.38% (-0.07, -0.02) √
Physical exercise →learning burnout →internet addiction -0.10 × 0.50= -0.05 15.63% (-0.09, -0.03) √
Physical exercise →loneliness →learning burnout →internet addiction -0.26 × 0.53 × 0.50= -0.07 21.88% (-0.10, -0.06) √
Total mediation effect -0.15 46.87% (-0.22, -0.11) √
Total effect -0.17 + (-0.15)= -0.32 100.00% —— √
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Table 3 Chain effect decomposition of physical exercise on sub-dimensions of internet addiction
Model Influence path Standardized effect value Boot 95%CI Significance
Model 1 PE→LL→ LM →COB -0.26 × 0.45 × 0.28= -0.03 (-0.09, -0.02) √

PE→LL →LM→IAWR -0.26 × 0.45 × 0.31= -0.04 (-0.07, -0.02) √
PE→LL →LM →IAT -0.26 × 0.45 × 0.21= -0.02 (-0.03, -0.01) √
PE →LL →LM →IRH -0.26 × 0.45 × 0.20= -0.02 (-0.04, -0.01) √
PE →LL→LM →TM -0.26 × 0.45 × 0.26= -0.03 (-0.06, -0.02) √

Model 2 PE →LL → MB → COB -0.26 × 0.44 × 0.11= -0.01 (-0.05, -0.01) √
PE→LL → MB → IAWR -0.26 × 0.44 × 0.06= -0.007 (-0.02, 0.02) ×
PE →LL → MB → IAT -0.26 × 0.44 × 0.12= -0.01 (-0.03, -0.01) √
PE →LL → MB → IRH -0.26 × 0.44 × 0.17= -0.02 (-0.05, -0.01) √
PE→LL → MB → TM -0.26 × 0.44 × 0.15= -0.02 (-0.04, -0.01) √

Model 3 PE →LL → LSA → COB -0.26 × 0.23 × 0.13= -0.01 (-0.04, -0.01) √
PE →LL → LSA → IAWR -0.26 × 0.23 × 0.07= -0.004 (-0.02, 0.03) ×
PE →LL → LSA → IAT -0.26 × 0.23 × 0.08= -0.005 (-0.02, 0.01) ×
PE→LL → LSA → IRH -0.26 × 0.23 × 0.04= -0.002 (-0.01, 0.02) ×
PE →LL → LSA → TM -0.26 × 0.23 × 0.03= -0.002 (-0.02, 0.02) ×

Note: PE means physical exercise, LL means loneliness, LM means low mood, MB means misbehavior, LSA means a low sense of accomplishment, COB means 
compulsive online behavior, IAWR means internet addiction withdrawal reaction, IAT means internet addiction tolerance, IRH means interpersonal relationship and 
health, TM means time management

Fig. 3 Path models of physical exercise, loneliness, learning burnout, and the sub-dimensions of internet addiction. Note:*means P <0.05, **means P 
<0.01, ***means P<0.001.

 



Page 8 of 10Wang et al. BMC Public Health         (2023) 23:1994 

induce positive emotions and the desire to try again, and 
could properly offset the influence of depression and anx-
iety to improve the psychological state [38]. Meanwhile, 
regular participation in physical exercise could effectively 
shorten the time and energy college students invest in the 
internet, avoid excessive use of the internet, and the cor-
responding addictive behavior.

The mediating role of loneliness and learning burnout 
between physical exercise and internet addiction
In addition to the direct effect, this study also found that 
loneliness has a partial mediating effect between physi-
cal exercise and internet addiction. College students 
are in the stage of role transformation and adaptation, 
they need to adapt to or construct new interpersonal 
relationships in the new environment, which is easy 
to cause trouble and psychological disorders [11], and 
thus prone to emotional experiences such as loneliness. 
Among them, excessive use or dependence on the inter-
net was considered to be a common deviant behavior of 
lonely people, and loneliness has been confirmed to be 
significantly positively correlated with the pathological 
internet use of college students [13], which could pre-
dict the tolerance and withdrawal reaction of compulsive 
internet use and internet addiction [39]. According to 
the cognitive-behavioral model, individuals with higher 
feelings of loneliness were usually more inclined to over-
use the internet as psychological compensation [16], to 
escape from reality and vent emotions. Adolescents with 
high loneliness could use the internet to make up for the 
lack of social cognition in reality or to escape the pain 
of loneliness, anxiety, and other negative emotions [40]. 
Interestingly, participation in physical exercise could sig-
nificantly improve the sense of belonging and interper-
sonal skills of adolescents with internet addiction, thus 
improving their degree of internet addiction [18]. This 
study suggested that the experience of loneliness could 
be reduced by physical exercise, and college students 
with low loneliness were more willing to socialize or par-
ticipate in collective activities, which was conducive to 
improving their compulsive internet behavior, internet 
addiction withdrawal reaction, internet addiction toler-
ance, interpersonal and health problems, and time man-
agement problems.

Secondly, learning burnout plays a partial mediating 
role between physical exercise and internet addiction. 
In the face of unknown fields, college students are prone 
to frustration, low sense of achievement, lack of learning 
control, and increased time pressure will aggravate the 
sense of learning burnout of college students [41]. Learn-
ing burnout has a positive predictive effect on internet 
addiction, and low mood and misbehavior in learning 
burnout have a positive predictive effect on internet 
addiction [42], while physical exercise has been proved to 

significantly reduce the learning burnout of college stu-
dents and has a negative direct predictive effect on learn-
ing burnout [43], and could prevent learning burnout by 
reducing an individual’s physical vulnerability to stress 
[44]. It should be noted that reducing students’ academic 
pressure has an inhibitory effect on internet addiction to 
some extent [25]. The cognitive-behavioral model holds 
that pathological internet behaviors will be affected by 
adverse tendencies and stressors, and the psychologi-
cal basis of internet addiction among college students 
was the non-adaptive cognition formed on the internet, 
which further strengthens their behaviors of internet 
obsession [16]. Once college students have depression, 
burnout, and other emotions in learning, they are more 
likely to use online games to cover up and avoid the pain 
in reality, make up for the sense of loss, and seek the need 
for achievement and a sense of value [45]. Moreover, low 
mood could effectively predict compulsive internet use, 
internet addiction withdrawal reaction and interpersonal 
and health problems of online game addicts, and misbe-
havior could effectively predict internet addiction toler-
ance [45]. On this basis, this study found that the higher 
the amount of physical exercise, the lower the level of 
learning burnout, accompanied by a decline in com-
pulsive online behavior, internet addiction withdrawal 
reaction, internet addiction tolerance, interpersonal and 
health problems, and time management, ultimately con-
ducive to the prevention or improvement of internet 
addiction degree of college students, improve the level of 
mental health.

Finally, physical exercise may indirectly affect internet 
addiction through the chain mediating effects of loneli-
ness and learning burnout. Physical exercise was consid-
ered a personal resource [26], which has positive effects 
on reducing loneliness and other emotional character-
istics, releasing pressure, and preventing or relieving 
learning burnout [26, 38]. Meanwhile, the I-PACE model 
proposed by Brand et al. [29] carries out attribution anal-
ysis on internet addiction behavior from the logic chain 
of individual-emotion-cognition-execution. Through the 
chain mediation model, this study found that the chain 
mediation effect of loneliness and learning burnout was 
valid, and the effect size of the chain mediation was 
higher than that of loneliness or learning burnout alone. 
This may be related to the fact that loneliness exacerbates 
some of the difficulties college students face in adapting 
to college life, resulting in them feeling too tired to study 
[30]. Further through the path model, it was found that 
the chain mediation path of “physical exercise → loneli-
ness → learning burnout → internet addiction” was rela-
tively complex. It showed that physical exercise could 
significantly negatively predict loneliness, and loneliness 
could positively predict depression and misbehavior, and 
finally have significant predictive power on compulsive 
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internet behavior, internet addiction withdrawal reac-
tion, internet addiction tolerance, interpersonal relation-
ship and health, and time management. In this process, 
misbehavior did not significantly predict the withdrawal 
reaction of internet addiction, and a low sense of accom-
plishment only had a significant predictive power for 
compulsive online behavior. In short, regular participa-
tion in physical exercise could alleviate loneliness by 
increasing interpersonal communication and pleasant 
experience for college students, thereby promoting the 
release of bad emotions and satisfying realistic needs, 
reducing misbehavior, and ultimately helping to prevent 
the occurrence of excessive use of the internet behaviors 
or improve the negative emotions, interpersonal com-
munication barriers and unreasonable time allocation 
caused by internet addiction.

Limitations
Firstly, the cross-sectional study design adopted in this 
study makes it difficult to accurately infer the causal rela-
tionship between variables. In the future, cross-hystere-
sis or experimental study design can be used to test and 
improve the corresponding research results. Secondly, 
in terms of the consideration and selection of mediat-
ing variables, this study only examined the chain medi-
ating effect of loneliness and learning burnout, while the 
path of physical exercise affecting internet addiction may 
involve more mediating or moderating variables, which 
can be further discussed in the future. Finally, this study 
only conducted a sample survey of some college students 
in southwest China, and the sample has certain limita-
tions. In the future, more regions can be included for 
large sample comparison and tracking research. Mean-
while, whether the prediction model established in this 
study is consistent with other populations (such as chil-
dren) needs further verification.

Conclusions
Physical exercise can not only negatively affect the 
internet addiction of college students directly, but also 
indirectly affect the internet addiction through part 
mediating effects of loneliness and learning burnout 
respectively. On this basis, this study also found that 
physical exercise could prevent or improve the internet 
addiction of college students through the chain media-
tion effect of loneliness and learning burnout. Among 
them, in the chain mediation pathway relationship 
between physical exercise and internet addiction and 
its sub-dimensions, loneliness and two sub-dimensions 
of learning burnout (low mood and improper behavior) 
were mainly playing a role.
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