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Background: Nowadays, it is widely acknowledged that mobile phone addiction 
is a risky factor for insomnia symptoms, but to date, people know little about 
the underlying relationship between them among undergraduates during the 
COVID-19 pandemic. The purpose of the present study was to examine the 
potential association between mobile phone addiction and insomnia, as well as 
the mediating role of social anxiety and the moderating role of physical activity.

Methods: Using the Mobile Phone Addiction Tendency Scale, Social Phobia 
Inventory, Physical Activity Rating Scale and Insomnia Severity Index, 301 eligible 
college students in China were investigated. For data analysis, descriptive 
analysis, correlation analysis, moderating effect test, moderating effect test 
were carried out in turn.

Results: The findings revealed a favorable correlation between mobile phone 
addiction, social anxiety and insomnia, as well as between social anxiety and 
insomnia. But physical activity was negatively correlated with social anxiety and 
mobile phone addiction, and social anxiety partially mediated the relationship 
between mobile phone addiction and insomnia. Additionally, physical activity played 
a significant moderating effect between mobile phone addiction and social anxiety.

Conclusion: This study advances the knowledge of how mobile phone addiction 
raises the likelihood of experiencing insomnia symptoms, and also implies that 
upping physical activity level could lessen the harmful impacts from mobile 
phone addiction.

KEYWORDS

mobile phone addiction, insomnia, social anxiety, physical activity, moderated 
mediation model, college students, the COVID-19 pandemic

Introduction

Except for posing a serious threat to individual lives and respiratory function, the outbreak 
of novel coronavirus pneumonia (COVID-19) in late December 2019, has been also strongly 
linked to psychological and behavioral issues, such as depression, anxiety, and suicidal 
thoughts (1–3). Given that, the Chinese government implemented emergent measures to stop 

OPEN ACCESS

EDITED BY

Aleksandar Višnjić,  
University of Niš, Serbia

REVIEWED BY

Kshitij Karki,  
G.T.A. Foundation, Nepal
Momcilo Mirkovic,  
University of Pristina, Serbia

*CORRESPONDENCE

Haiyun Wang  
 20141002@gcc.edu.cn  

Guan Yang  
 yangmp6@scut.edu.cn

†These authors have contributed equally to 
this work and share first authorship

RECEIVED 14 November 2023
ACCEPTED 26 February 2024
PUBLISHED 11 March 2024

CITATION

Wang J, Xu X, Zuo L, Wang H and 
Yang G (2024) Mobile phone addiction and 
insomnia among college students in China 
during the COVID-19 pandemic: a moderated 
mediation model.
Front. Public Health 12:1338526.
10.3389/fpubh.2024.1338526

COPYRIGHT

© 2024 Wang, Xu, Zuo, Wang and Yang. This 
is an open-access article distributed under 
the terms of the Creative Commons 
Attribution License (CC BY). The use, 
distribution or reproduction in other forums is 
permitted, provided the original author(s) and 
the copyright owner(s) are credited and that 
the original publication in this journal is cited, 
in accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 11 March 2024
DOI 10.3389/fpubh.2024.1338526

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1338526﻿&domain=pdf&date_stamp=2024-03-11
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1338526/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1338526/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1338526/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1338526/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1338526/full
mailto:20141002@gcc.edu.cn
mailto:yangmp6@scut.edu.cn
https://doi.org/10.3389/fpubh.2024.1338526
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1338526


Wang et al. 10.3389/fpubh.2024.1338526

Frontiers in Public Health 02 frontiersin.org

the spread of the COVID-19 pandemic due to the acute and 
contagious nature of this outbreak, including early isolation of 
confirmed or suspected cases, closure of schools and public 
transportation (4). While these emergent public health measures are 
highly necessary for reducing interpersonal transmission of COVID-
19, there are still some possible reasons for concern as they may 
further lead to social isolation and other negative healthy outcomes 
(5). Researchers believe that there is a large number of potentials for 
using social media (e.g., mobile phones) during an epidemic 
lockdown, and that digital technology could be an effective way to 
alleviate public health needs and also provide social support (6), since 
it may be used online to communicate, access, learn, and receive the 
most lately information about the outbreak instead of face-to-face 
conversation (7).

Despite these latent benefits, it should be also kept in mind that 
excessive mobile phone use could produce lots of undesirable effects, 
especially the mobile phone addiction. As well all know, insomnia 
symptoms have been regarded as one of the main adverse outcomes 
generated by mobile phone addiction, with a series of cross-sectional 
studies showing that insomnia would be largely deteriorated with the 
escalation of mobile phone usage frequency (8–10). The longitudinal 
study has also demonstrated that problematic mobile phone use at 
baseline was a risky factor for adverse effects on students’ sleep and 
mental health, such as insomnia and depression during an 8 months 
follow-up survey (11).

However, at present, the key issue cannot be ignored by us would 
be that the underlying association between mobile phone addiction 
and insomnia among college students in the context of this emerging 
coronary pneumonia pandemic is poorly understood, because prior 
studies have mostly focused on the impact of mobile phone addiction 
on adolescents’ mental health. What’s worse, up till now, the probable 
mechanism in the relationship between mobile phone addiction and 
insomnia are still unknown for us. Given that, the current study 
attempts to built a moderated mediation model to evaluate the 
mediating role of social anxiety between mobile phone addiction and 
insomnia, and the moderating role of physical activity between mobile 
phone addiction and social anxiety among Chinese college students, 
so as to provide objective and persuasive answers for these concerns.

The mediating role of social anxiety

Social anxiety refers to strong feelings of worry, unease, or fear in 
response to certain interpersonal situations (12), and numerous 
research has documented that social anxiety predicts depression and 
perceived stress in a positive way (13, 14). In turn, depression and 
stress perception would cause serious insomnia symptoms (15, 16). In 
addition, a study conducted by Buckner et al. found that social anxiety 
was significantly and unfavorably correlated with scores on measures 
of sleep-related dysfunction in American undergraduate students (17).

It can be obviously seen that social anxiety could be obviously 
influenced by mobile phone addiction. According to Clark and Wells’ 
cognitive model of social anxiety, persons with poor cognition and 
low self-esteem will be more prone to produce social anxiety (18). 
However, it has been discovered that mobile phone addiction may 
be strongly linked to cognitive dysfunction (19), and long-term and 
continuous exposure to electromagnetic radiation could also lower 
individuals’ working memory capacity and impair their attentional 

control, which in turn raises the risk of cognitive impairment (20). 
These findings suggest that using mobile phones excessively may not 
only result in cognitive impairment, but also evidently increase social 
anxiety. Therefore, based on the theoretical and empirical findings 
mentioned above, it is plausible to assume that mobile phone addiction 
could affect social anxiety. Given that, mobile phone addiction may 
lead to social anxiety, which then produces insomnia symptoms. Thus, 
the present study reasonably assumes that (H1): social anxiety possibly 
mediates the relationship between mobile phone addiction 
and insomnia.

The moderating effect of physical activity

Actually, not all college students may be similarly impacted by 
mobile phone addiction, despite the fact that it could easily cause 
social anxiety and insomnia. However, it is also crucial to examine that 
whether other factors acting as a moderator influence the relationship 
between mobile phone addiction and insomnia which is mediated by 
the effect of social anxiety. Given that, the current study investigated 
whether a person’s amount of physical activity could affect the direct 
impact of mobile phone addiction on social anxiety. No doubt, 
physical activity has been widely defined as a variety of physical 
exercise forms that are planned and structured by the individuals, 
contracted by skeletal muscles, and usually caused manifest energy 
loss, with a strong subjective and directional nature (21). The previous 
work has shown that physical activity could improve levels of self-
esteem associated with fear of negative evaluation (a core feature of 
social anxiety) (22, 23). Furthermore, social anxiety can be effectively 
improved by participating in an 8-week moderate-intensity aerobic 
exercise program, and this positive and desirable effect is more likely 
to happen to those guys with high levels of social anxiety (24). And 
several studies have also demonstrated that actively engaging in 
physical activity might lessen the detrimental consequences from 
addictive behaviors on people’s physical and mental health. For 
instance, Tao et al. (25) discovered that physical activity could mediate 
the association between mobile phone addiction and sadness, with the 
association being higher for individuals with lower physical activity.

Therefore, in accordance with those persuasive and reliable 
evidence, it can be  naturally inferred that physical activity would 
potentially contribute to the relationship between mobile phone 
addiction and its negative effects by mitigating risk (e.g., social 
anxiety). That is, physical activity could influence the link between 
mobile phone addiction and social anxiety in a large degree. Given 
that, the present study assumes that (H2): physical activity may play a 
moderating role in the relationship between mobile phone addiction 
and social anxiety.

The moderated mediation model

In summary, in the light of those analyses mentioned above, the 
purpose of this study was to testify the latent mechanism that 
underlies the correlation between mobile phone addiction and 
insomnia among college students. In other words, the current work 
developed a moderated mediation model to address two issues: (a) 
social anxiety could or not mediate the association between mobile 
phone addiction and insomnia, and (b) whether physical activity 
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could moderate the relationship between mobile phone addiction and 
social anxiety. The below moderated mediation model in this study 
(Figure  1) can be  used to properly explain how mobile phone 
addiction affects insomnia, and how to moderate the relationship 
between mobile phone addiction and social anxiety by physical activity.

Methods

Procedures and participants

Given the emergence of a new crown epidemic at that hard time 
and the drawbacks from interpersonal social interaction, this cross-
sectional study with an online questionnaire was finally completed by 
us in the middle of January 2022; and then, a convenient sampling was 
conducted in Shandong University, a comprehensive university 
affiliated with the Ministry of the Education in China, which has 55 
colleges covering thirteen broad disciplines, including philosophy, 
economics, law, education, literature, history, science, engineering, 
agriculture, medicine, management, military science, and art. At last, 
301 eligible college students with the mean age of 20.47 (SD = 4.99) 
were luckily chosen and then successfully filled out their online 
questionnaires. Before completing that, they were also informed and 
highlighted that this online survey was totally anonymous and 
voluntary, and they need to sign the informed consent first. To 
confirm the accuracy and validity of the data, the researchers seriously 
and carefully checked each questionnaire’s completed data after it had 
been filled out for internal logic and consistency.

The present work involving human participants was carried out 
in accordance with the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards, and also reviewed and 
approved by the research ethics committee at South China University 
of Technology. And all participants had provided their online 
informed consent before formally engaging in this survey.

Measures

Study design

This cross-sectional study aimed to explore the relationships 
among mobile phone addiction, social anxiety, insomnia, and physical 
activity among college students during the COVID-19 pandemic.

Mobile phone addiction

The degree of mobile phone addiction among college students was 
assessed using the Chinese version of the Mobile Phone Addiction 
Tendency Scale (MPATS), originally developed by Xiong et al. (26). 
The scale has 16 items in four dimensions. College students rated each 
item on a 5-point-Likert scale, ranging from 1 (very non-compliant) 
to 5 (very compliant). There were no reverse scoring items, and the 
total score was determined by adding up the scores from the 16 items. 
Higher score would indicate a higher likelihood of mobile phone 
addiction. This measure has been widely used in Chinese university 
populations and has shown good reliability and validity (27). For the 
current study, the test showed good reliability (Cronbach’s α = 0.884).

Social anxiety

Social anxiety among college students was assessed using the 
Chinese version of the Social Phobia Inventory (SPIN) (28). The scale 
has 17 items in three aspects. Participants rated each item on a 
5-point-Likert scale ranging from 0 (not at all) to 4 (extremely), with 
higher score indicating more severe social anxiety symptoms. This 
measure has been widely used in Chinese university populations and 
has shown good reliability and validity (29). The Cronbach’s alpha 
coefficient of this scale displayed good reliability in the current study 
(Cronbach’s α = 0.934).

Physical activity

Physical activity levels were assessed using the Physical Activity 
Rating Scale (PARS-3) (30). This scale has 3 items (intensity, 
time, and frequency), and the amount of physical activity was 
calculated by the following formula: “exercise intensity × (exercise 
duration − 1) × exercise frequency.” The total scores of physical activity 
amount were from 0 to 100. This measure has been widely used in the 
Chinese university populations and has shown good reliability and 
validity (31, 32). The internal consistency of the PARS-3 in this study 
was generally satisfactory, with the Cronbach’s alpha coefficient 
of 0.702.

Insomnia

Insomnia symptoms were assessed by the Insomnia Severity Index 
(ISI) (33), a scale that has been validated in Chinese youth populations 
and totally meets psychometric requirements (34). Each item of the 
ISI was rated on a 5-point-Likert scale (0 = none, 4 = very severe), and 
responses to the seven items were summed to obtain the total score of 
ISI, with higher scores indicating higher levels of insomnia symptoms. 
In the present study, the Cronbach’s alpha coefficient for ISI was 0.715.

Demographic variables

Except the four main variables mentioned above, the current 
study also investigated several demographic indicators about the 
participants, including age, gender, grade, place of residence, 

FIGURE 1

The hypothesized model between mobile phone addiction and 
insomnia.
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self-evaluation of academic performance, and daily sleep time by 
using a standard form.

Statistical analysis

All statistical analyses were performed using SPSS 26.0 software. 
Continuous variables were presented as mean and standard deviation 
(M ± SD), and categorical variables displayed as frequency (n) and 
percentage (%). If the continuous variable does not conform to the 
normal distribution, the normality transformation would be adopted 
by processing the root number. In this study, we first analyzed the 
general characteristics of participants. Secondly, preliminary analyses 
were performed to explore the potential correlation between mobile 
phone addiction, social anxiety, physical activity, and insomnia. The 
third step was to examine the mediating role of social anxiety between 
mobile phone addiction and insomnia through the SPSS macro-
PROCESS model 4, and likewise, SPSS macro-PROCESS model 7 was 
utilized to assess the moderating role of physical activity between 
mobile phone addiction and social anxiety. In this work, 5,000 
bootstrapped samples were drawn from the data, and 95% bootstrap 
upper and lower confidence intervals (CI) were also calculated. Before 
testing the mediating and moderating effect, the four main variables 
were all centralized in advance, and as the control variable, gender and 
grade was all put into the measurement model. The significance level 
in the present study was set at alpha = 0.05.

Results

Common method bias

Due to the use of self-report scales for all variables in this study, 
there is a potential for common method bias. To examine whether 
such bias exists, the data underwent a Harman’s single-factor test for 

homogeneity of variances. The first factor, without rotation, 
contributed 34.98% to the total loading, which is below the 40% 
threshold. This suggests that there is no significant common method 
bias in this study.

Demographic variables

As shown in Table 1, the sample for this study consisted of 301 
college students, which comprises 174 male (57.8%) students and 127 
female (42.2%) students. Of them, 73 students (24.3%) were from 
rural areas and 228 students (75.7%) from urban areas, and they were 
also distributed in five grades, namely freshmen (12.6%), sophomore 
(22.9%), junior (29.9%), senior (28.2%), and postgraduate (6.4%). In 
terms of academic performance, 39 students (13.0%) considered their 
academic performance poor, 180 students (57.8%) considered their 
academic performance average, and 82 students (27.2%) considered 
their academic performance good. About daily sleep time, 25 students 
(8.3%) were less than 6 h per day, 239 students (79.4%) were from 6 to 
8 h per day, and 37 students (12.3%) were more than 8 h per day.

Preliminary analyses

Descriptive statistics and correlation analysis for mobile phone 
addiction, social anxiety, physical activity, and insomnia are shown in 
Table 2. Due to the variable of physical activity was not satisfactory 
with normal distribution, so the corresponding normality 
transformation had been firstly performed on it. The results showed 
that mobile phone addiction was positively correlated with social 
anxiety (p < 0.01) and insomnia (p < 0.01), and social anxiety was 
positively correlated with insomnia (p < 0.01). Physical activity was 
negatively correlated with social anxiety (p < 0.05) and mobile phone 
addiction (p < 0.05), and there was no statistically significance between 
physical activity and insomnia (p > 0.05).

TABLE 1 General characteristics of participants.

Variables Categories n %

Gender Male 174 57.8

Female 127 42.2

Grade Freshman 38 12.6

Sophomore 69 22.9

Junior 90 29.9

Senior 85 28.2

Postgraduate 19 6.4

Place of residence Rural 73 24.3

Urban 228 75.7

Self-evaluation of academic performance Poor 39 13.0

Average 180 57.8

Good 82 27.2

Daily sleep time ≤6 h 25 8.3

6–8 h 239 79.4

≥8 h 37 12.3
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Mediating effect test

As shown in Table  3, after controlling for gender and grade, 
mobile phone addiction was positively correlated with social anxiety 
(β = 0.32, p < 0.001), and social anxiety was also positively associated 
with insomnia (β = 0.14, p < 0.01). The total effect between mobile 
phone addiction and insomnia was significant (β = 0.25, p < 0.001), 
and meanwhile, the indirect effect between them was also remarkably 
significant (indirect effect = 0.03, SE = 0.01, 95% Boot CI = 0.01–0.06), 
suggesting that social anxiety could partially mediate the correlation 
between mobile phone addiction and insomnia. Thus, it can be clearly 

seen that social anxiety played a mediating role in the relationship of 
mobile phone addiction on insomnia.

Moderating effect test

As shown in Table 4, a significant direct effect of mobile phone 
addiction on social anxiety was observed after controlling for gender 
and grade (β = 0.41, p < 0.001), and this effect was obviously moderated 
by physical activity (β = −0.05, p < 0.05). The results of the conditional 
direct effects analyses were depicted in Figure 2, which shows the 

TABLE 3 Testing the mediating effect of social anxiety between mobile phone addiction and insomnia.

Outcome 
variable

Predictors R2 F β LLCI ULCI t

Insomnia

Gender 0.07 7.71*** −0.06 −0.21 0.06 −1.11

Grade −0.05 −0.08 0.02 −1.01

Mobile phone addiction 0.25 0.11 0.29 4.59***

Social Anxiety

Gender 0.12 13.88*** −0.10 −0.44 −0.00 −2.00

Grade 0.03 −0.05 0.12 0.72

Mobile phone addiction 0.32 0.28 0.55 5.98***

Insomnia

Gender 0.09 7.46*** −0.04 0.04 −0.08 −0.82

Grade −0.06 −0.08 0.02 −1.12

Mobile phone addiction 0.20 0.07 0.25 3.55***

Social Anxiety 0.14 0.01 0.16 2.51**

β, standardized regression coefficient; LLCI, lower level CI; ULCI, upper level CI. **p < 0.01 and ***p < 0.001.

TABLE 4 Testing the moderating effect of physical activity between mobile phone addiction and social anxiety.

Outcome 
variable

Predictors R2 F β LLCI ULCI t

Social anxiety

Gender 0.15 10.51*** −0.28 −0.05 −0.06 −2.55*

Grade 0.01 −0.07 0.10 0.04

Mobile phone addiction 0.41 0.27 0.55 5.94***

Physical activity −0.05 −0.09 −0.00 −2.21*

Mobile phone 

addiction × physical activity
−0.05 −0.10 −0.01 −2.38*

β Boot SE Boot LLCI Boot ULCI

Conditional direct effect analysis at three kinds of moderator values = M ± 1SD

M − 1SD (1.07) 0.55*** 0.09 0.36 0.73

M (3.47) 0.41*** 0.07 0.27 0.55

M + 1SD (5.87) 0.27*** 0.08 0.10 0.44

M, mean; SD, standard deviation; β, standardized regression coefficient; LLCI, lower level CI; ULCI, upper level CI. *p < 0.05 and ***p < 0.001.

TABLE 2 Descriptive statistics and correlation analysis for main variables.

Variables M SD 1 2 3 4

1. Mobile phone addiction 48.15 10.86 –

2. Social anxiety 40.07 12.89 0.32** –

3. Physical activity 3.47 1.40 −0.12* −0.12* –

4. Insomnia 18.91 5.32 0.25** 0.21** −0.03 –

M, mean; SD, standard deviation. *p < 0.05 and **p < 0.01.
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relationship between mobile phone addiction and social anxiety at low 
and high levels of physical activity, namely the mean below 1SD or 
above 1SD, respectively. Likewise, a simple slope test also displayed 
that physical activity had a moderating effect on the impact of mobile 
phone addiction on social anxiety, and compared to the high physical 
activity, that was evidently stronger for college students with low levels 
of physical activity.

Discussion

The present study focused on the potential correlation between 
mobile phone addiction and insomnia, and the mediating effect of 
social anxiety and the moderating effect of physical activity possibly 
between them among college students in China. The final results 
demonstrated that mobile phone addiction was positively associated 
with insomnia, which is consistent with preceding research (9, 10). 
Additionally, social anxiety was also positively correlated with 
mobile phone addiction and insomnia, respectively, and meanwhile, 
social anxiety could mediate the relationship between them. 
Therefore, the hypothesis 1 (H1) of the current work has been fairly 
proved. This finding can be explained via the cognitive-behavioral 
model of social anxiety, which points out that individuals’ early 
traumatic experiences would result in the development of 
unfavorable irrational beliefs and self-perceptions, as well as 
additional unfavorable cognitive processing biases, which might 
easily lead to emotional (such as anxiety) and behavioral (such as 
daytime sleepiness) issues (35). The cognitive model of insomnia 
maintenance also proposes that anxiety situations induce people to 
selectively pay attention to and monitor internal and external threat 
cues closely correlated with sleep, which would largely exacerbate 
the insomnia symptoms (36). But it is worth noting that social 
anxiety could only partially account for the relationship between 
mobile phone addiction and insomnia; thus other key latent 
indicators, such as interpersonal distress, should also considered 
when examining the mediation role between them afterwards.

Apart from the overall analyses, no doubt, the two essential 
processes of this mediating effect between mobile phone addiction 
and insomnia have been also equally noteworthy. On the one hand, 
in the first stage of this mediation, it can be easily found that college 
students with higher degree of mobile phone addiction also had 

more awfully social anxiety, which is in line with previous research 
findings (37, 38) and suggests that mobile phone addiction is an 
important risky factor for social anxiety. The previous research has 
also indicated that those severely addicted to mobile phones had 
poor interpersonal relationship and social communication skills in 
general, which might worsen their social anxiety and then cause an 
obvious decline in their interpersonal communicating skills in the 
real world, as well as eventually resulting in social anxiety (39). On 
the other hand, for the second stage of the mediation, it was not 
hard to find that college students with higher level of social anxiety 
would be more prone to produce insomnia, which is consistent with 
prior studies (40, 41). One possible explanation might be  that 
higher level of social anxiety can lead to emotional distress and 
impairments in various functional domains (17), including 
depression and negative peer relationships (35, 42). Likewise, the 
previous research has also shown that depression and poor 
interpersonal relationships are important factors to predict 
insomnia (42, 43). Consequently, individuals with higher level of 
social anxiety may have significant symptoms of insomnia. 
Undoubtedly, all these evidence from the previous work persuasively 
support the mediating role of social anxiety played in the 
relationship between mobile phone addiction and insomnia.

At the same time, this research has also found that physical 
activity was inversely correlated with mobile phone addiction and 
social anxiety, respectively, and meanwhile, physical activity could 
significantly moderate the relation between them. Thus, the 
hypothesis 2 (H2) of the present study has been fairly proved, too. 
According to this finding, it can be properly inferred that mobile 
phone addiction does not always result in the same degree of 
behavioral issues, such as social anxiety, and that some healthy 
habits or lifestyles including the active participation with physical 
activity, may help persons to effectively lessen the negative impacts 
from mobile phone addiction. The following factors, in particular, 
could be utilized to interpret how does physical activity moderate 
the association between mobile phone addiction and social anxiety.

Firstly, engaging in physical activity could help people manage 
their negative emotions, such as loneliness and stress, and also 
enhance their psychological capital in terms of their mental health 
(44, 45). However, emotional issues, such as the symptoms of 
loneliness and stress, might contribute to generate recurrent social 
anxiety (46, 47). That is, compared to addictive individuals with low 
and even no physical activity level, those frequently engaging in 
physical activity and acquiring the higher level of physical activity, 
would be more likely to possess desirable mental health and great 
psychological capital, and as a result, the harmful impacts from 
mobile phone addiction might be considerably decreased for them. 
Secondly, actively participating in physical activity helps the person 
build “intrinsic assets” and “extrinsic resources,” such as self-
efficacy, self-esteem, parental support, and the good peer 
relationships (48, 49); and actually, these advantages have all been 
demonstrated to form defense mechanisms against mobile phone 
addiction (50, 51). According to the protective model of resilience 
(52), people can lessen or minimize the impact of risky exposure on 
adverse outcomes by increasing their assets (e.g., self-esteem) and 
resources (e.g., parental support); accurately speaking, when 
individuals are exposed to risky settings or conditions, they may 
still have the ability to show positive performance against these 

FIGURE 2

Physical activity as a moderator between mobile phone addiction 
and social anxiety.
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adverse situations. It is no denying that physical activity would be a 
feasible and reliable means to help human beings obtain this 
so-called resilience. Therefore, as for those addicted to mobile 
phones, acquiring the higher level of physical activity may be the 
most likely to prevent, resist or avoid the passive effects from mobile 
phone addiction.

Limitations and future directions

It is crucial to underscore several limitations inherent in the 
present study, which need to be taken into account in coming days. 
Firstly, the utilization of a cross-sectional design employed in our 
study precludes the establishment of causal relationships. Therefore, 
to enhance the robustness of our findings, a longitudinal design and 
experimental protocols could be implemented. Secondly, the data 
for this study had to be collected online due to social restrictions 
during the COVID-19 period, leading to the exclusion of college 
students without internet access. Therefore, the experimental study 
could be conducted to objectively acquire relevant data in coming 
days, such as physical activity, and mobile phone addiction (53). 
Thirdly, relying on self-reported data introduces the potential for 
recall bias. To mitigate this limitation, future research could gain 
advantages from incorporating objective and effective instruments. 
For example, utilizing tools such as 3D-sensor pedometers, 
ActiGraph GT3X + accelerometers, and artificial sport bracelets 
could improve the accuracy and reliability of data, especially in the 
measurement of physical activity. Fourthly, the exclusive 
concentration on college students during a specific period of the 
new coronavirus pandemic raises concerns regarding the 
generalizability of our results to other populations or normal 
conditions. This necessitates additional external validation to 
confirm the external validity of the current study. Additionally, 
employing convenient sampling led to a moderate sample size. To 
enhance the methodological rigor of the study, future research 
should consider adopting probability sampling methods and larger 
sample sizes. Lastly, while our study centered on social anxiety, 
future researchers may explore analogous latent variables related to 
mobile phone addiction and insomnia as potential mediators. This 
approach would contribute to a more thorough understanding of 
the underlying mechanisms between these variables.

Implications

Regardless of those drawbacks mentioned above, the current 
study has also made some original contributions and a number of 
significant practicable implications. To our knowledge, this work is 
the first one to examine how social anxiety mediates the relationship 
of mobile phone addiction and insomnia, and the moderating effect 
of physical activity between mobile phone addiction and social 
anxiety, which has largely expanded the previous research. 
According to the analyses regarding the moderated mediation 
model, the potential mechanism, namely how mobile phone 
addiction affects insomnia among college students, has been 
perfectly disclosed and clearly told us that how does mobile phone 
addiction cause insomnia symptoms, and the feasible way to lessen 
the connection between mobile phone addiction and social anxiety. 

More important, based on these important findings, several 
essential practicable meanings of this study can be  naturally 
concluded. First and foremost, aiming to make college students 
aware of the detrimental effects of mobile phone addiction on 
insomnia symptoms, parents and teachers should emphasize the 
latent correlation between mobile phone addiction and insomnia. 
Furthermore, given that social anxiety plays a pivotal mediating role 
between mobile phone addiction and insomnia, parents and 
teachers should employ practical approaches to assist students in 
acquiring effective strategies for managing their social anxiety in 
daily life. This may include engaging in communication dialogues, 
providing emotional support, and implementing dynamic 
cognitive-behavioral psychotherapy (54). Lastly, considering that 
physical activity has the potential to alleviate the adverse impact of 
mobile phone addiction on social anxiety, and higher levels of 
physical activity may be  more beneficial in moderating social 
anxiety. Hence, college students should proactively engage in 
various exercise programs on campus. Simultaneously, they should 
strive to enhance their physical activity levels by increasing exercise 
intensity or frequency. Additionally, consistent with prior research, 
it is advisable to integrate additional motivational learning tasks 
into routine physical education content. This approach can 
effectively boost college students’ motivation to embrace healthy 
behaviors (55), thereby enhancing their physical activity levels and 
alleviating the negative repercussions of mobile phone addiction.

Conclusion

The current study reveals the mechanism of association between 
smartphone addiction and insomnia. Our research found that 
smartphone addiction among college students is significantly 
positively correlated with social anxiety and insomnia, and 
significantly negatively correlated with physical activity. Social 
anxiety plays a mediating role to some extent in the relationship 
between smartphone addiction and insomnia. Furthermore, 
physical exercise plays a significant moderating role between 
smartphone addiction, social anxiety, and insomnia. In summary, 
our research results indicate that increasing physical activity and 
reducing social anxiety can improve insomnia symptoms among 
college students. To prevent future problematic behaviors among 
college students, it is necessary to adopt proactive health behaviors, 
such as engaging in physical activity, to counteract or avoid 
subsequent passive impacts.
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