Meng et al. BMC Psychology ~ (2024) 12:395 BMC Psycho|ogy
https://doi.org/10.1186/540359-024-01899-z

Check for
updates

The effects of mobile phone addiction
on bedtime procrastination in university
students: the masking effect of physical
activity and anxiety

Shugiao Meng', Yu Zhang'?, Lingling Tang®, Meng Zhang?, Wenjing Tang?®, Nzubechi Onyebuchi, Yahui Han®,
Shanshan Han® Bo Li°, Wenxia Tong"”" and Xiaoyu Ge'”""

Abstract

Purpose Good sleep is one of the necessary conditions to ensure the normal performance of the physiological and
psychological functions of college students. This study aimed to explore the relationship between mobile phone
addiction and bedtime procrastination among Chinese college students and the mediating mechanisms of physical
exercise and anxiety between the two, with a view to seek ways to prevent and intervene in college students’sleep
procrastination and improve their sleep quality.

Methods Using SPSS 29.0 analysis with Bootstrap’s method, 3,800 first-year students, sophomores, and juniors were
given the Mobile Phone Addiction Tendency Scale, Bedtime Procrastination Scale, Physical Activity Scale, and Anxiety
Scale. The results of the analyses included mediation tests and effect analyses of anxiety and physical activity.

Results The correlation analysis revealed significant positive correlations between mobile phone addiction and
bedtime procrastination (r=0.149, p<0.01) as well as anxiety (r=0.497, p<0.01). Additionally, there was a significant
negative correlation between mobile phone addiction and physical activity (r =-0.447, p<0.01). Physical activity was
also found to have significant negative correlations with anxiety (r=-0.506, p <0.01) and bedtime procrastination (r =
-0.424, p <0.01). Furthermore, anxiety showed a significant positive correlation with bedtime procrastination (r=0.334,
p<0.01). Physical activity and anxiety acted as substantial mediators between mobile phone addiction and nighttime
procrastination. Both mediators had considerable masking effects, with the mediating effect amounting to 50.3% and
25.1%, respectively. Physical exercise and anxiety played a chain mediating role between mobile phone addiction and
bedtime procrastination, and the masking effect was also significant, with a mediating effect size of 13.4%.
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Conclusions This study reveals the special characteristics of the influencing factors and pathways of bedtime
procrastination in this group of college students, providing targeted evidence for the prevention and intervention
of bedtime procrastination in college students. It also has an important reference value for the effects of exercise
and comprehensive intervention to improve bedtime procrastination and enhance the quality of sleep in college

students.
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Introduction

In reference to the 52nd " Statistical Report on Inter-
net Development in China " released by China Internet
Network Information Centre (CNNIC), it shows that as
of June 2023, the number of mobile phone netizens in
China has reached 1.076 billion, accounting for 99.7% of
the overall size of netizens (1.079 billion), and (21.7%) [1]
students accounted for the extensive proportion of neti-
zen groups .

Teen’s daily lives and studies have been incorporated
with mobile phones, which are the carriers of mobile
Internet development. These devices are gradually alter-
ing the way teenagers live and behave. Mobile phone
addiction refers to the excessive use of and dependence
on mobile phones that leads to problematic psychol-
ogy or behavior in daily life, known as mobile phone
dependence, mobile phone problematic use, and mobile
phone addiction [2]. Previous studies have shown that
mobile phone addiction can negatively affect college
students’ academic performance, mental health, physi-
cal health, and social functioning, such as reducing aca-
demic engagement [3, 4]. inducing depression [5-7],and
procrastination [8, 9]. An in-depth exploration of the
influence mechanism and psychological mechanism of
mobile phone addiction in college students is conducive
to guiding college students to use their functional mobile
phones reasonably, which is of great significance to the
prevention and mobile phone addiction.

Sleep procrastination refers to the behavior of an indi-
vidual who habitually delays his or her scheduled bed-
time in the absence of an external obstacle [10]. Bedtime
procrastination Research has found that sleep procrasti-
nation can lead to sleep deprivation, difficulty in falling
asleep, increased negative emotions, and in the long run
can lead to physical and mental disorders such as dis-
turbed sleep patterns, anxiety, and decreased immune
function [11, 12]. The university stage is an essential
transition period in life development, adequate or quality
sleep is the foundation guarantee for life normality and
study, but poor sleep behavior and habits will have many
adverse effects on their sleep, body, and mind [13, 14].
According to the immersion theory, an individual can
feel immersed when using Internet media such as mobile
phones and computers, therefore involuntarily immers-
ing themselves in the pleasurable experience brought by
the Internet, resulting in the loss of self-consciousness

and the change of the sense of time, and delaying the time
when they should have gone to bed [15]. Based on this
theory, this present study hypothesized Mobile phone
addiction positively predicts sleep-delaying behavior in
college students(H1).

Physical exercise involves physical movement as the
content and means to promote an individual’s physical
and mental health development. It can vary in intensity,
frequency and lenght [16]. According to the Theories of
Usage and Gratification, when individuals use the Inter-
net, their psychological needs, such as social interaction
and entertainment, will be satisfied to varying degrees,
and this sense of satisfaction will motivate individuals to
use mobile phones and other network devices more fre-
quently, which in the long run will lead to the problem
of mobile phone addiction [17]. Multiple studies have
shown that independent and individualistic college stu-
dents are more likely to develop mobile phone addictions
[18]. Research has pointed out that appropriate physical
activity can enhance the dopaminergic signaling ability
of the human body, reduce the negative emotions of col-
lege students, satisfy their psychological needs, reduce
the frequency of mobile phone use, and improve the phe-
nomenon of mobile phone addiction [19-21]. Research
on physical activity and sleep quality is more mature; reg-
ular physical activity can not only significantly improve
sleep quality but also serve as a self-help therapy for indi-
viduals with sleep disorders, prompting them to enter
sleep quickly and reducing the occurrence of sleep pro-
crastination behavior [22-24]. It accordingly proposes
that Physical exercise mediates the effect of mobile phone
addiction on college students’ sleep procrastination
behavior (H2).

Studies have shown that mobile phone addiction sig-
nificantly predicts anxiety, and anxiety significantly pre-
dicts mobile phone addiction, with the two influencing
and causally affecting each other [2] The two are mutu-
ally reinforcing. Firstly, the internet access provided by
mobile phones makes anxious individuals more likely to
become addicted to mobile phones.Davis’ (2001) Cogni-
tive-Behavioral Model of Pathological Internet Use sug-
gests that distal factors contribute to internet addiction
through proximal non-adaptive cognitions [25]. Anxiety
is a distal factor that affects Internet addiction. Secondly,
mobile phones attract people not only because of their
functionality but also because of their ability to provide
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deep psychological comfort to individuals. Mobile phones
are like pacifiers for babies; their portability, privacy, and
good sense of tactile experience can effectively relieve
anxiety [26]. Studies have shown that the higher the level
of anxiety, the more severe the sleep problems, which can
be manifested in more difficulty falling asleep and wak-
ing up multiple times during the night [27]. The theoreti-
cal model of the relationship between anxiety and sleep
suggests that sources of anxiety can directly affect sleep
problems and that cognitive responses, depressed mood,
etc. are important mediating variables that explain the
relationship between sources of anxiety and sleep [11, 14,
28]. Sleep procrastination behavior is one of the key ele-
ments determining the quality of each person’s sleep, and
anxiety is a significant mediating factor between mobile
phone addiction and other variables [29]. Based on this,
the study proposed that anxiety mediates the relationship
between the procrastination of sleep by college students
and the effect of mobile phone addiction(H3).

Anxiety and physical activity may play both separate
and chained-mediating effects in mobile phone addiction
and bedtime procrastination among college students. It
has been shown that physical activity significantly and
negatively predicts anxiety [30]. Based on this, the pres-
ent study hypothesized Anxiety and physical activity play
a chain mediating role in the relationship between mobile
phone addiction and sleep procrastination among college
students(H4).

Through an assessment of the factors that contribute
to college students’ sleep issues from the stand point of
mobile phone addiction and analysis of the means and
condition of influence, we can provide empirical evidence
and useful guidance for safeguarding and improving col-
lege students’ sleep quality, which can have more evident
preventive and intervention outcomes. However, most
of the current research focuses on the direct relation-
ship between mobile phone addiction and sleep quality
but lacks the relationship between mobile phone addic-
tion and sleep procrastination, as well as the mechanism
of influence between the two. Therefore, the present
study will explore the effects of mobile phone addiction
on bedtime procrastination and its mechanism of action
among college students.

Research methodology

Subjects

The formal questionnaire was distributed using a con-
venience sampling method by generating a link (https://
www.wjx.cn) through the Questionnaire Star platform,
and then the survey was conducted at Xi'an University
of Electronic Science and Technology (XUET), Xian
University of Technology (XUT), Xi’an Jiaotong Univer-
sity (XJTU), Shaanxi Normal University (SNU), includ-
ing other colleges and universities through China’s social
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media platforms, e.g., WeChat and QQ. The survey
lasted 10 weeks, from October 2, 2023, to December 4,
2023. After removing the incorrect questionnaires, 3800
recovered questionnaires were eventually reduced to
3599 valid questionnaires. (e.g., answering questions too
uniformly or taking too little time to fill them out, etc.),
with a data recovery rate of 94.7%. Among them, in 1958
(55.2%) were male and 1614 (44.8%) were female; 1261
(35.0%) were freshmen, 2212 (61.5%) were sophomores,
and 126 (3.5%) were juniors. Age was 19.12+1.05 years.

Research tools

Physical activity scale

A revised version of the Physical Activity Rating Scale
(PARS-3) developed by T.C. Leung was selected [31].
Three factors were used to rate participants’s levels of
physical activity: frequency, duration, and intensity of
exercise. Calculation formula: physical activity=exercise
frequency score X (exercise duration score —1) X exercise
intensity score. The scale was scored on a 5-point Lik-
ert scale, with 5 options for each question scored on a
scale of 1 to 5. The total score ranged from 0 to 100, with
higher scores indicating higher levels of physical activity
participation. The low-level physical activity group was
<19 points, the moderate-level physical activity group
was between 20 and 42 points, and the high-level physi-
cal activity group was =43 points. The Cronbach’s alpha
value for this scale in this study was 0.821.

Mobile phone addiction scale

The mobile phone addiction tendency scale for college
students developed by Xiong Jie et al. (2012) was used
[32] to assess the degree of individual mobile phone
addiction. The scale consists of 16 questions, including
withdrawal symptoms, prominent behavior, social com-
fort, and mood change. With a minimum score of 16 and
a maximum score of 80, the scale is rated on “Z” 5-point
Likert scale, where 1 indicates “very non-compliant” and
5-means “very compliant”The higher the score, the more
likely a person is to be addicted to a mobile phone. The
scale used in this study has a Cronbach’s alpha of 0.923.

Anxiety scale

A simplified Chinese version of the Depression-Anxiety-
Stress Scale (DASS-21), based on the Depression-Anxi-
ety-Stress Scale (DASS), was used by the Chinese scholars
Gong Xu and Xie Xiyao Lovibond (1995) and others [33].
The Depression Anxiety Stress Scale (DASS-21) is a sim-
plified Chinese version of the Depression Anxiety Stress
Scale (DASS) [34]. The DASS-21 is a 21-item scale with
three dimensions: depression, anxiety, and stress.The
anxiety scale, which consists of seven questions overall,
was employed in this investigation. A 4-point Likert scale
ranging from 0 to 3 was used to describe the extent of
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an individual’s recent (“within the past week”) negative
emotional experiences or physiological reactions, with 0
representing a complete lack of conformity, and 3 repre-
senting strong conformity, with higher scores indicating
higher levels of anxiety in the individual. The Cronbach’s
alpha for anxiety in this study was 0.841.

Chinese version of the Bedtime Procrastination Scale

The Chinese version of the Bedtime Procrastination Scale
(BPS) revised by Ma Xiaohan et al. was used [35] There
are nine items on the scale. The scale is rated on a 5-point
scale from “l1=almost never” to “5=almost always’, with
higher total scores indicating more severe sleep procras-
tination. In this study, the Cronbach’s alpha of the scale
was 0.982.

Data processing

SPSS 29.0 software was used for entry and descriptive
statistics. K-S nonparametric tests, reliability analyses,
and exploratory factor analyses were used to test the nor-
mal distribution of data and instrument reliability and
validity. For standardized data, the Mann-Whitney U-test
was used to examine gender differences on a variable-by-
variable basis, and the Kruskal-Wallis H-test was used to
examine the grade differences on a variable-by-variable
basis. Count data were expressed as component ratios
(%), measures as x-ts, and correlations between variables
were analyzed using Pearson correlation analysis. Hayes
(2013) was used to [36] SPSS macro program PROCESS
4.1 plug-in developed for chained mediated effects model
analysis and testing. Parameter estimate was performed
using the the Bootstrap method of bias reduction, and
95% confidence intervals were provided. At p<0.05, dif-
ferences were deemed statistically significant.

Results and analyses

Common methodology bias control and testing

Based on the fact that the research data was collected
using a questionnaire, the results may be affected by
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common methodological bias [37] The test was con-
ducted using the Harman one-way test, which shows that
there are 10 factors with a root cause of greater than 1, of
which the first factor explains the cumulative variance of
the factors.

Harman’s one-way test, revealing that ten factors had
eigenroots greater than 1 was used. The cumulative vari-
ance explained by the first factor was 22. 62%, which is
less than the critical value of 40%. It indicates that there is
no serious common method bias in this study.

Group difference analysis of mobile phone addiction,
bedtime procrastination, physical activity and anxiety

The Mann-Whitney U-test for gender and the Kruskal-
Wallis H-test for grade showed (see Tables 1 and 2) that
the gender difference, and grade difference for mobile
phone addiction, bedtime procrastination, physical
activity and anxiety were significant (p<0.05). Mobile
phone addiction (37.25+16.47), bedtime procrastina-
tion (3.27%+1.69), and anxiety (5.30%£5.41) were higher
in male university students than in female students,
while physical activity (17.36£19.21) was lower in male
university students than in female university students
(17.36+19.21). In terms of grade, mobile phone addic-
tion (39.32+13.91, 34.06+£17.05, 31.03+£15.03), bed-
time procrastination (3.29+1.26, 3.28+1.80, 3.17%2.14)
and anxiety (4.98+4.40, 4.87+£5.40, 4.0016.02) in
decreasing order, while physical activity along with
showed an increasing trend (17.47+18.79, 17.96%20.15,
20.88+20.93).

Descriptive statistics and correlation analysis

The results of the descriptive statistics and correlation
analysis of the variables are shown in Table 2. As shown
in Table 2, mobile phone addiction was significantly posi-
tively correlated with bedtime procrastination and anxi-
ety (r=0.149, p<0.01; r=0.497, p<0.01) and significantly
negatively correlated with physical activity ( r =-0.447,
p<0.01 ); physical activity was significantly negatively

Table 1 Mann-Whitney U test for gender and Kruskal-Wallis H test for grade (M +SD)

Mobile phone addiction Bedtime procrastination Physical exercise Anxiety
Mann-Whitney U 1,320,595 1380599.5 1430591.5 1,327,696
Wilcoxon W 2,580,673 2640677.5 3225156.5 2,587,774
Z -6.176 -4.199 -2454 -5.973
Asymptotic significance (two-tailed) <0.001 <0.001 0014 <0.001
chi-square (math.) 22.020 34.160 8312 32.885
df 2 2 2 2
Progressive significance <0.001 <0.001 0.016 <0.001
Male 37.25+1647 3.27+1.69 17.36+£19.21 530+541
Female 32.94+16.05 322+1.71 18.65+£20.56 436+4.90
first-year student 39.32+1391 329+1.26 1747+£18.79 4.98+4.40
Sophomore 34.06+17.05 3.28+1.80 17.96+20.15 4.87+540
Junior 31.03+15.03 317+£2.14 20.88+20.93 400+6.02
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Table 2 Descriptive statistics and correlation analysis results
M SD 1 2 3 4 5 6 7 8
1.Gender 146 0499 1
2.Mobile phone addiction 3525 1642 -0131" 1
3 Withdrawal symptoms 1551 7.2 -0121"  0933" 1
4.Prominent behavior 927 473 -0121" 0953”7 0.950" 1
5.Social comfort 771 343 -0.114" 0947”7 0962" 0.959" 1
6.Mood change 695 297 -0.119"  0981" 0935" 0.977" 0.963" 1
7 Bedtime procrastination 325 169 -0012"  0.149" 0.166" 02517 0.192" 0.223"
8 Anxiety 486 52 —0090" 0479 0510" 0.598" 0515~ 0.543" 0.334" 1
9.Physical exercise 1795 1986 0.032" -0447" -04197  -0509" 04857 < —0533" —0424" -0506"

Note: n=3599; all variables in the model were standardised;'p<0.01; gender: 1=male, 2=female

Table 3 Regression analysis of variable relationships in the chained

mediation model

Regression equation (n=3599) Overall fit index

Significance of regression 95 per cent confidence

coefficients interval
outcome variable predictor variable R? F B t LLCI V] Kd|
Bedtime procrastination Mobile phone addiction 0.002 3919 0.006 -2.79 -0.010 —-0.002
Gender 0.0208 0.309 -1110 0153
Physical exercise Mobile phone addiction 0.201 450.126 -0.545 -29.992 —0.581 -0.510
Gender -1.057 -1.765 -2.230 0.117
Anxiety Mobile phone addiction 0338 610.348 0.098 20.273 0.089 0.1079
Physical exercise —0.096 -24.107 —-0.1037 —0.0081
Gender —0.395 -2.762 —0.6749 —0.1145
Bedtime procrastination Mobile phone addiction 0.347 477.144 —0.050 -25.667 —0.054 —0.046
Physical exercise —0.046 -28.259 —-0.049 —-0.043
Anxiety 0.128 20.206 0.116 0.141
Gender 0.009 0177 -0.097 0.117

correlated with anxiety and bedtime procrastination were
significantly negatively correlated (r =-0.506, r<0.01;
r =-0.424, p<0.01); and anxiety was significantly posi-
tively correlated with bedtime procrastination (r=0.334,
p<0.01). Gender was significantly negatively correlated
with mobile phone addiction, bedtime procrastination,
and anxiety (r=-132, r<0.01; r=-0.012, p<0.01; r =-0.090,
p<0.01) and significantly positively correlated with phys-
ical activity (r=0.032, p<0.01). The results of the corre-
lation analysis were generally consistent with theoretical
expectations, providing a feasible basis for subsequent
hypothesis testing.

Analysis of chain-mediated effects of physical activity and
anxiety

With mobile phone addiction as the independent vari-
able, bedtime procrastination as the dependent variable,
and physical exercise and anxiety as the mediating vari-
ables, regression analysis of the chain mediating effect
of physical exercise and anxiety between mobile phone
addiction and bedtime procrastination was conducted
using SPSS29.0 and PROCESS4.1 plug-in controlling for
gender, and the results are shown in Table 3. The follow-
ing are the precise steps: in the first step, bedtime pro-
crastination was used as the dependent variable, and
gender was entered as the control variable to control the

possible effect of gender on bedtime procrastination. In
the second step, mobile phone addiction was input to
establish a regression model to examine the total effect of
mobile phone addiction on bedtime procrastination after
controlling the variable, and it was found that mobile
phone addiction could significantly and positively predict
bedtime procrastination (f=0.006, p<0.001), indicat-
ing that research hypothesis H1 was established. In the
third step, physical activity and anxiety variables were
sequentially added to the model to test whether the two
were mediating variables for mobile phone addiction and
bedtime procrastination and whether there was a chain
mediating effect. The results found that Internet addic-
tion significantly negatively predicted bedtime procrasti-
nation of college students (§ = -0.050, p<0.001), mobile
phone addiction could significantly negatively predict
physical exercise (p = -0.581, p<0.001), and physical
exercise significantly negatively predicted bedtime pro-
crastination of college students (8 = -0.050, p<0.001)
and anxiety (8=0.116, p<0.001), mobile phone addiction
significantly and positively predicted anxiety (5=0.089,
p<0.001), and anxiety significantly and positively pre-
dicted college students’ bedtime procrastination (j
-0.104, p<0.001). The above coefficients indicate that
physical activity mediates between mobile phone addic-
tion and bedtime procrastination, proving H2; anxiety
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mediates between mobile phone addiction and bedtime
procrastination, proving research hypothesized H3; and
physical activity and anxiety chain mediate between
mobile phone addiction and bedtime procrastination,
proving H4.

The mediation effect test was conducted according
to the mediation effect test procedure introduced by
Wen Zhonglin et al. [38]. The mediation effect test pro-
cess introduced for the construct model of this study
was conducted to test the mediation effect. 5000 Boot-
strap samples were taken from the original data through
repeated random sampling, and if the Bootstrap 95%
confidence interval for the mediating effect did not
contain 0, the mediating effect was indicated to be sig-
nificant. In the first step, the total effect was examined,
the presence of which indicated the possibility of an
indirect effect. The point estimate of the total effect for
mobile phone addiction — bedtime procrastination is
-0.0056 with a standard deviation of 0.002, and the Boot-
strap 95% confidence interval for the total effect gener-
ated by this pathway is [-0.0096,-0.0015], which does not
contain a 0. This indicates that the total mobile phone
addiction — bedtime procrastination effect is signifi-
cant. In the second step, the indirect effect was tested,
and the presence indicated the existence of the mediat-
ing effect. The point estimate of the indirect effect of
mobile phone addiction—physical exercise—sleep pro-
crastination is 0.0252, the standard deviation is 0.002,
and the Bootstrap 95% confidence interval of the total
effect generated by this path is [-0.0539,-0.0463], which
doesn’t contain 0, indicating that the mediating effect of
this path is significant. The point estimate of the indi-
rect effect of mobile phone addiction—anxiety—bedtime
procrastination was 0.0126, with a standard deviation of
0.0026, and the Bootstrap95% confidence interval of the
total effect produced by this path was [0.0084,0.0183],
not including 0, indicating that the mediating effect
of this path was significant; the point estimate of the
indirect effect of mobile phone addiction—physical

Table 4 Tests of mediating effects of physical activity and anxiety
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exercise—anxiety—bedtime procrastination was 0.0067,
with a standard deviation of 0.002, and the Bootstrap95%
confidence interval of the total effect generated by this
path was [0.0055,0.0082], which did not contain 0, indi-
cating that the chained mediation effect is significant. In
the third step, check the direct effect, if it’s smaller than
the total effect, but significant, there is a partial media-
tion effect; if it’s not significant, it’s a full mediation effect.
The point estimate of the direct effect of mobile phone
addiction — bedtime procrastination is -0.0501, the stan-
dard deviation is -0.002, and the Bootstrap 95% confi-
dence interval of the total effect produced by this path is
[-0.0539,-0.0463], which does not contain 0, indicating
that the mobile phone addiction — bedtime procrastina-
tion direct effect is significant and smaller than the total
effect, indicating that there is a partial mediation effect.
In the fourth step, comparing the signs of direct and indi-
rect effects, if the same sign indicates the existence of
partial mediation effect, reporting the ratio of mediation
effect to total effect; if not the same sign, it is a masking
effect, reporting the absolute value of the ratio of indirect
effect to direct effect reflecting the effect size of media-
tion effect. The mediating effects of the three pathways
in this study have different signs (positive and negative)
from the direct effect, indicating a masking effect for all
three pathways [38]. The absolute value of the ratio of the
indirect effect to the direct effect was used to reflect the
effect size of the mediating effect according to the sugges-
tion of Wen Zhonglin and Ye Baojuan. The absolute value
of the ratio of the mediating effect to the direct effect for
physical activity was 50.3%, the absolute value of the ratio
of the mediating effect to the direct effect for anxiety was
25.1%, and the absolute value of the ratio of the chained
mediating effect to the direct effect for physical activity
and anxiety was 13.4%. Results are provided in Table 4.

Effect Boot SE 95 per cent confidence |Indirect
interval effects/
Boot LLCl BootULCI  direct
effects
Total effect —0.0056 0.0020 —-0.0096 —-0.0015
Direct effect —0.0501 0.0020 -0.0539 —0.0463
Total indirect effect 0.0445 0.0034 0.0387 0.0517
Mobile phone addiction — Physical activity—Bedtime procrastination 0.0252 0.0013 0.0227 0.0278 50.3%
Mobile phone addiction — Anxiety — Bedtime procrastination 0.0126 0.0026 0.0084 0.0183 25.1%
Mobile phone addiction — Physical activity - Anxiety—Bedtime 0.0067 0.0007 0.0055 0.0082 13.4%
procrastination
@ 0.0126 0.0030 0.0058 0.0082
2 0.0185 0.0014 0.0157 0.0211
3 0.0059 0.0021 0.0024 0.0211
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Discussion

Mobile phone addiction has a significant positive effect on
bedtime procrastination of university students

The results of the study indicate that mobile phone addic-
tion is correlated with college students’ bedtime procras-
tination, suggesting that individuals with a high level of
mobile phone addiction have more serious bedtime pro-
crastination, which is basically in line with the results
of existing studies [39-41]. The basic characteristics
of mobile phone addiction are excessive use of mobile
devices and a lack of self-control. According to the dis-
placement hypothesis of the Internet, an individual’s
time is constant, the more time and energy an individual
spends on using a mobile phone, the less time and energy
is spent on other tasks (e.g., sleep, exercise, work, etc.),
resulting in delayed completion of these activities and
tasks. An overactive state of the brain before sleep is not
conducive to falling asleep in a short period of time, and
individuals playing their mobile phones for a long period
of time before bedtime increases the activity level of the
brain, which leads to sleep-delaying behaviors [42, 43]. In
addition, the light from mobile phone screens inhibits the
pineal gland from secreting melatonin, prolonging the
time it takes to enter sleep [44, 45]. For mobile phone-
addicted individuals, the time it takes to gain the health
benefits of sleep is much longer than the time it takes to
gain immediate psychological satisfaction and pleasure
through mobile phone use. The former is far less attrac-
tive to the individual than the latter, which explains why
mobile phone addicts tend to postpone sleep tasks [46]
which leads to bedtime procrastination with respect to
the individual, which also supports the Internet displace-
ment hypothesis to some extent. Sleep procrastination
may lead to sleep disruption and a reduction in subjec-
tive sleep duration, especially since high levels of sleep
procrastination are exacerbated by the pressure to go to
bed at the last minute and to get to sleep quickly. Neuro-
science suggests that chronic poor sleep quality disrupts
the natural cycle of different sleep stages and reduces
metabolic activity in areas of the brain system (prefron-
tal cortex, limbic system, etc.), and that changes in this
area affect psychological behaviors, such as depression,
self-control, and decision-making, leading to depressed
moods and increased responses to negative stimuli [47—
50]. In summary, the results of this study suggest that
mobile phone addiction and sleep procrastination may
cause college students to experience more negative emo-
tions and negative behaviors, both of which are impor-
tant risk factors for their physical and mental health.
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Physical exercise mediates the relationship between
mobile phone addiction and bedtime procrastination in
university students

The study shows that physical activity plays a partial
mediating role in mobile phone addiction and bedtime
procrastination of college students (mediating effect
size of 50.3%), indicating that mobile phone addiction
not only directly affects bedtime procrastination of col-
lege students, but also influences bedtime procrastina-
tion by affecting the level of mobile phone addiction of
an individual through physical activity, which verifies H2
and it is in line with the results of the previous studies
[51-53]. Adolescents with a serious tendency towards
mobile phone dependence will actively shift their atten-
tion to the operation and use of mobile phones and will
also transfer their attention preferences, interests, and
emotional experience needs to the mobile phone net-
work while abandoning and avoiding real interpersonal
interactions and physical exercise activities. Also, mobile
phone addiction is often accompanied by frequent static
behaviors, screen-front behaviors, sedentary behav-
ior, etc., and mobile phone-addicted adolescents tend
to spend their leisure time on excessive impulsive and
dependent mobile phone use.

There is a moderate to high level of correlation between
sleep quality problems and daily physical activity, and
bedtime procrastination can be effectively alleviated
through physical activity [54, 55]. Mobile phone addic-
tion is a hindrance to college students’ practice of physi-
cal activity, and the more serious the addiction tendency
is, the more negative the physical activity is. In essence,
mobile phone addiction triggers a series of negative psy-
chological responses (e.g., social exclusivity, depression,
anxiety, etc.), leading to low-energy physical activity and
inactivity [56]. The results of Chen’s study showed that
the longer the duration of physical activity, the lower the
incidence of excessive mobile phone use, and the lower
the sleep delay associated with mobile phone addic-
tion, suggesting the positive role of physical activity in
reducing mobile phone use before bedtime [57]. Based
on this, this study suggests that college students’ active
participation in physical activity can alleviate the degree
of individual mobile phone addiction and improve sleep
procrastination.

Anxiety mediates the relationship between mobile phone
addiction and bedtime procrastination among university
students

In this study, we found that anxiety plays a partial
mediating role in exploring the effects of mobile phone
addiction on college students’ bedtime procrastination
(mediating effect size of 25.1%), i.e., mobile phone addic-
tion increases individuals’ anxiety and thus exacerbates
their sleep procrastination behaviors, which verifies H3.
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Firstly, we found that there is a significant positive corre-
lation between mobile phone addiction and anxiety, i.e.,
individuals with a high degree of mobile phone addiction
are more prone to higher levels of anxiety, which is more
consistent with the results of previous studies [58—60].A
higher level of mobile phone addiction affects the indi-
vidual’s study and life and leads to higher anxiety [61, 62].
Previous research has shown that mobile phone addic-
tion not only increases negative emotions such as dis-
tress, heightened anxiety, and depression but may also
diminish positive emotions, affecting adolescents’ level
of emotional balance. This ability to balance emotions
can significantly and positively predict sleep quality and
exacerbate bedtime procrastination, which is consistent
with the findings of Kaiqing Tang [63] and Shan Hongbo
[64] et al. There are also studies showing that sleep pro-
crastination produces many negative outcomes, such as
sleep deprivation and difficulty falling asleep, and these
phenomena are also closely related to anxiety [65] Indi-
viduals with high levels of anxiety show stronger addic-
tive behaviors, and the use of mobile phones can alleviate
negative emotions, which in turn may enhance addic-
tive tendencies [39],Therefore, schools need to focus on
the mental health of college students and monitor their
anxiety levels to avoid further exacerbations of negative
emotions, and provide timely help and counseling to alle-
viate the occurrence of sleep procrastination and reduce
the problem of mobile phone addiction among college
students.

Physical activity and anxiety have a chain mediating

role between mobile phone addiction and bedtime
procrastination in college students

This study also found that physical activity and anxiety
play a mediating role between mobile phone addiction
and bedtime procrastination among college students,
validating H4. The self-regulation deficit model suggests
[66] that people with psychosocial problems tend to lack
self-control and are more likely to become addicted to
uncontrolled mobile phone use, which leads to a series of
problematic behaviors in reality. Compensatory Internet
Use Theory suggests that when an individual encounters
a psychological problem, in order to alleviate the pres-
sure, escape from the pain, etc., they become addicted to
their mobile phone. The decline in sleep quality caused
by mobile phone addiction will make people tired and
depressed, and serious sleep procrastination will not only
trigger internalization problems (e.g., anxiety) but also
interfere with normal daytime physical exercise activities
[67]. The correlation results show that physical activity
is significantly negatively correlated with anxiety, indi-
cating that the higher the level of physical activity, the
lower the level of anxiety, which is also in line with the
results of the study by Hongbo Gu [68]. Research has
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shown that anxiety can indirectly affect sleep procrasti-
nation through mobile phone addiction and that physi-
cal activity, as a positive intervention, has a role to play
in alleviating anxiety and reducing the level of mobile
phone addiction [69]. It is important to note that there is
a masking effect between the three mediating pathways,
from mobile phone addiction to bedtime procrastination,
in the whole model. This result indicates the complexity
of the effect of mobile phone addiction on bedtime pro-
crastination and also suggests that mobile phone addic-
tion may not be beneficial to bedtime procrastination
under any circumstances. Information behavior itself is
complex, and the occurrence of smartphone behavior
is affected by a variety of factors and contexts. College
students’ own cultural constructs, habits, and cogni-
tive styles, as well as the technological and social envi-
ronments in which they live, all have an impact on their
mobile phone use behavior.

College is an important stage for the construction of
values and the development of behavioral habits, and
guiding the rational use of mobile phone electronic
products and curbing the proliferation of sleep procras-
tination are of great significance to the improvement of
college students’ emotional state and the enhancement
of their physical activity level. This suggests that col-
leges and universities can encourage college students to
actively participate in physical exercise to alleviate and
prevent the tendency towards mobile phone addiction.
Physical exercise not only strengthens the body but also
relieves anxiety, thus improving sleep quality and sleep
procrastination.

Conclusion

1) There is a significant correlation between mobile
phone addiction, bedtime procrastination, physical
activity, and anxiety.

2) Physical activity and anxiety partially mediate the
relationship between mobile phone addiction and
bedtime procrastination, respectively.

3) Physical exercise and anxiety played a chain
mediating role between mobile phone addiction and
bedtime procrastination, and the masking effect was
also significant.

Acknowledgements
The authors thank the reviewers for their valuable comments.

Author contributions

Study design: Shugiao Meng, Yu Zhang, Wenxia Tong, Xiaoyu Ge, Lingling
Tang, Meng Zhang, Wenjing Tang, Yahui Han, Nzubechi Onyebuchi,
Shanshan Han, Boli; Drafting the manuscript: Shugiao Meng, Yu

Zhang, Wenxia Tong, Xiaoyu Ge; Critical revision of the manuscript: Shugiao
Meng.All authors reviewed the manuscript.



Meng et al. BMC Psychology (2024) 12:395

Funding

This research received a grant from the Ministry of Education in China (MOE)
Project of Humanities and Social Sciences (project number 22YJC890018),
the Fundamental Research Funds for the Central Universities(project
number ZYTS24161), Xi‘an Social Science Planning Foundation(project
number 24TY122), Xi'an Social Science Planning Foundation(project number
24TY118) and the Western Program of National Social Science Foundation of
China(project number 23XTY008).

Data availability
The Data generated during the current study are available from the
corresponding author on request.

Declarations

Ethics approval and consent to participate

The studies involving human participants were reviewed and approved by
the Research Ethics Review Committee at Xidian University. Written informed
consent to participate in this study was provided by the participants.

All the experiments in our study were conducted in accordance to the
relevant guidelines and regulations of 1963 Helsinki declaration and its later
amendments.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Physical Education, Xidian University, Xi ‘an 710126,
Shaanxi Province, China

2School of Physical Education, Henan University, Kaifeng 475001, Henan
Province, China

*College of Physical Education, Yangzhou University, Yangzhou 225009,
Jiang Su Province, China

“Department of Physical Education, Henan University, Kaifeng 475001,
Henan Province, China

*Institute of Sports Science, Kyunggi University, Suwon

449701, South Korea

SInstitute of Sports Science, Nantong University, Nantong 226019, Jiangsu
Province, China

’Sports Department of Northwestern Polytechnical University,

Xi'an 710072, Shaanxi Province, China

Received: 21 March 2024 / Accepted: 10 July 2024
Published online: 17 July 2024

References

1. The 52nd Statistical Report on the. Development of the internet in China and
its interpretation by experts. Internet World 2023; (9):11-5.

2. Xiao ZL, Huang JH.The Relation Between College Students'Social Anxiety
and Mobile Phone Addiction: The Mediating Role of Regulatory Emotional
Self- Efficacy and Subjective Well-Being. Front Psychol. 2022;13. https://doi.
0rg/10.3389/fpsyg.2022.861527.

3. LiWP,XuT, Diao LT, Wu QS. The impact of Perceived discrimination on Mobile
phone addiction among Chinese higher Vocational College students: a chain
mediating the role of negative emotions and Learning Burnout. Psychol Res
Behav Manage. 2024;17:401-11. https://doi.org/10.2147/PRBM.S440958.

4. Tian J, Zhao JY, Xu JM, Li QL, SunT, Zhao CX, et al. Mobile Phone Addiction
and academic procrastination negatively Impact Academic Achievement
among Chinese Medical Students. Front Psychol. 2021;12. https://doi.
0rg/10.3389/fpsyg.2021.758303.

5. Ran GM, LiJ, Zhang Q Niu X. The association between social anxiety and
mobile phone addiction: a three-level meta-analysis. Comput Hum Behav.
2022;130. https://doi.org/10.1016/j.chb.2022.107198.

6. Liu Qinggi ZHOU, Zongkui NIU, Gengfeng FAN, Cuiying. Mobile phone
addiction and adolescent sleep quality:analysis of mediating and moderating
roles. Psychol J. 2017;49(12):13. https://doi.org/10.3724/SPJ.1041.2017.01524.

20.

21.

22.

23.

24.

25.

26.

27.

Page 9 of 11

Chen CM, Shen YY, Lv S, Wang B, Zhu YJ. The relationship between self-
esteem and mobile phone addiction among college students: the chain
mediating effects of social avoidance and peer relationships. Front Psychol.
2023;14. https://doi.org/10.3389/fpsyg.2023.1137220.

He Anming X, Yanyu. The effect of mobile phone addiction on college
students' cognitive failure: a moderated mediation model. Psychol Dev Educ.
2019;38. https://doi.org/10.16187/j.cnkiissn1001-4918.2019.03.06.

Chen C, Lian. The relationship between mobile phone addiction and depres-
sion in college students: the role of exhaustion and rumination. 2022; (4).
https://doi.org/10.16128/j.cnki.1005-3611.2019.04.021.

Kroese FM, De Ridder DTD, Evers C, Adriaanse MA. Bedtime procrastination:
introducing a new area of procrastination. Front Psychol. 2014;5:611. https://
doi.org/10.3389/fpsyg.2014.00611.

Ma XH, Meng DX, Zhu LW, Xu HY, Guo J, Yang LM, et al. Bedtime procrastina-
tion predicts the prevalence and severity of poor sleep quality of Chinese
undergraduate students. J Am Coll Health. 2022;70(4):1104-11. https://doi.
0rg/10.1080/07448481.2020.1785474.

Zhao CJ, He JK, Xu HH, Zhang JJ, Zhang GH, Yu GL. Are night owls or morning
larks more likely to delay sleep due to problematic smartphone use? A cross-
lagged study among undergraduates. Lagged study among undergraduates.
Addict Behav. 2024;150. https://doi.org/10.1016/j.addbeh.2023.107906.
Zhuang J, Mou QX, Zheng T, Gao F, Zhong YQ, Lu QY, et al. A serial mediation
model of social media addiction and college students’ academic engage-
ment. the role of sleep quality and fatigue. BMC Psychiatry. 2023;23(1).
https://doi.org/10.1186/512888-023-04799-5.

ZhuYingying H, Jiahao T, Zhuoyi L, Jiaying L. The relationship between sleep
procrastination and daytime sleepiness in college students: a moderated
mediation model. Psychol Behav Res. 2022;20(06):797-804. https://doi.org/10
12139/j.1672-0628.2022.06.012.

Ma Xueyu Z, Hengze Y, Shuaigi J, Tonglin Z. The relationship between
boredom and college students’procrastination behaviour: the mediating role
of problematic mobile phone use. Chin J Clin Psychol. 2020;28(06):1250-3.
https://doi.org/10.16128/j.cnki.1005-3611.2020.06.035.

Yang G, Li YX, Liu SJ, Liu CN, Jia C, Wang ST. Physical activity influences the
mobile phone addiction among Chinese undergraduates: the moderating
effect of exercise type. J Behav Addictions. 2021;10(3):799-810. https://doi.
0rg/10.1556/2006.2021.00059.

Chou C, Hsiao MC. Internet addiction, usage, gratification, and pleasure
experience: the Taiwan college students'case. 2000; 35(1):0-80. doi.10.1016/
S0360-1315(00)00019-1.

Bi XY, Jin J, Psychological, Capital. College Adaptation, and Internet Addiction:
an Analysis Based on Moderated Mediation Model. Frontiers in Psychiatry
2021; 12. https;//doi.org/10.3389/fpsyt.2021.712964.

Kheradmand A, Hassabi M, Alishahi Y, Seif P. The Relation of Internet and
Smartphone Addiction with Physical Activity Level in Medical Students. Paki-
stan Journal of Medical & Health Sciences 2020; 14(2):1039-1042. doi.10.3389/
fpsyg.2015.01975.

Niu S. Mobile phone addiction, self-control, physical exercise, and depression:
a moderated mediation model. J Psychol Afr. 2023;33(3):235-40. https://doi.
0rg/10.1080/14330237.2023.2195709.

Feng Junpeng Y, Yiyi L, Yingli X, Jianfang S, Biao. Feng Lianshi. Advances

in research on exercise addiction treatment. China Sports Sci Technol.
2019;55(11):9. https://doi.org/10.16470/j.csst.2019626.

Sejbuk M, Mironczuk-Chodakowska I, Witkowska AM. Sleep quality: a Nar-
rative Review on Nutrition, stimulants, and physical activity as important
factors. Nutrients. 2022;14(9). https://doi.org/10.3390/nu14091912.

Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto MW. The

effects of physical activity on sleep: a meta-analytic review. J Behav Med.
2015;38(3):427-49. https.//doi.org/10.1007/510865-015-9617-6.

You YW, Chen YQ, Fang W, Li XT, Wang R, Liu JX, et al. The association
between sedentary behaviour, exercise, and sleep disturbance: a mediation
analysis of inflammatory biomarkers. Front Immunol. 2023;13. https://doi.
0rg/10.3389/fimmu.2022.1080782.

Davis RA. A cognitive-behavioural model of pathological internet use. Com-
put Hum Behav. 2001;17(2):187-95. https://doi.org/10.1159/000465525.
Melumad S, Pham MT. The Smartphone as a Pacifying Technology. Social Sci
Electron Publishing. https://doi.org/10.1093/jcr/ucaa005.

Wang Doyang D, Lihua Y, Xin. The relationship between sleep quality

and depression and anxiety in college students. Chin J Mental Health.
2016;30(03):226-30. https://doi.org/10.3969/j.issn.1000-6729.2016.03.013.
Tong WX, Meng SQ. Effects of physical activity on Mobile Phone Addic-

tion among College students: the chain-based Mediating Role of negative


https://doi.org/10.3389/fpsyg.2022.861527
https://doi.org/10.3389/fpsyg.2022.861527
https://doi.org/10.2147/PRBM.S440958
https://doi.org/10.3389/fpsyg.2021.758303
https://doi.org/10.3389/fpsyg.2021.758303
https://doi.org/10.1016/j.chb.2022.107198
https://doi.org/10.3724/SP.J.1041.2017.01524
https://doi.org/10.3389/fpsyg.2023.1137220
https://doi.org/10.16187/j.cnki.issn1001-4918.2019.03.06
https://doi.org/10.16128/j.cnki.1005-3611.2019.04.021
https://doi.org/10.3389/fpsyg.2014.00611
https://doi.org/10.3389/fpsyg.2014.00611
https://doi.org/10.1080/07448481.2020.1785474
https://doi.org/10.1080/07448481.2020.1785474
https://doi.org/10.1016/j.addbeh.2023.107906
https://doi.org/10.1186/s12888-023-04799-5
https://doi.org/10.12139/j.1672-0628.2022.06.012
https://doi.org/10.12139/j.1672-0628.2022.06.012
https://doi.org/10.16128/j.cnki.1005-3611.2020.06.035
https://doi.org/10.1556/2006.2021.00059
https://doi.org/10.1556/2006.2021.00059
https://doi.org/10.3389/fpsyt.2021.712964
https://doi.org/10.1080/14330237.2023.2195709
https://doi.org/10.1080/14330237.2023.2195709
https://doi.org/10.16470/j.csst.2019626
https://doi.org/10.3390/nu14091912
https://doi.org/10.1007/s10865-015-9617-6
https://doi.org/10.3389/fimmu.2022.1080782
https://doi.org/10.3389/fimmu.2022.1080782
https://doi.org/10.1159/000465525
https://doi.org/10.1093/jcr/ucaa005
https://doi.org/10.3969/j.issn.1000-6729.2016.03.013

Meng et al. BMC Psychology

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

(2024) 12:395

emotion and E-Health literacy. Psychol Res Behav Manage. 2023;16:3647-57.
https://doi.org/10.2147/PRBM.5419799.

Hou J, Zhu YG, Fang XY. Mobile phone addiction and depression: multiple
mediating effects of social anxiety and attentional bias to negative emotional
information. Acta Physiol Sinica. 2021;53(4):362-73. https://doi.org/10.3724/
SPJ.1041.2021.00362.

Wegner M, Helmich, Ingo, Machado S et al. Effects of Exercise on Anxiety
and Depression Disorders: Review of Meta- Analyses and Neurobiological
Mechanisms. CNS & Neurological Disorders - Drug Targets (Formerly Current
Drug Targets - CNS & Neurological Disorders) 2014. https://doi.org/10.2174/187
1527313666140612102841.

Liang D-Q. Stress level of college students and its relationship with physical
exercise. Chin J Mental Health. 1994;,015-6. CNKI:SUN:ZXWS.0.1994-01-001.
Jie X, Zongkui Z, Wu C, Zhiqi Y, Ziyan Z. Development of a mobile phone
addiction scale for college students. Chin J Mental Health. 2012,26(03):222-5.
https://doi.org/10.3969/}.issn.1000-6729.2012.03.013.

Lovibond PF, Lovibond SH. The structure of negative emotional states: com-
parison of the Depression anxiety stress scales (DASS) with the Beck Depres-
sion and anxiety inventories. Behav Res Ther. 1995;33(3):335-43. https://doi.
0rg/10.1016/0005-7967(94)00075-U.

Xu G, Xiyao X, Rui X, Yuejia L. Report of the depression-anxiety-stress

scale in simplified Chinese (DASS-21) among Chinese university stu-

dents. Chin J Clin Psychol. 2010;18(04):443-6. https://doi.org/10.16128/j.
cnki.1005-3611.2010.04.020.

YeY, Fan F, Li L, Han Q. Trajectory and predictors of depressive symptoms
among adolescent survivors following the Wenchuan earthquake in China: a
cohort study. Soc Psychiatry Psychiatr Epidemiol. 2014;49(6):943-52. https://
doi.org/10.1007/500127-014-0821-4.

Hayes AF. Introduction to Mediation, Moderation, and Conditional Process
Analysis: A Regression-Based Approach. Introduction to Mediation, Modera-
tion, and Conditional Process Analysis: A Regression-Based Approach.
Moderation, and Conditional Process Analysis: A Regression-Based Approach;
2013. https://doi.org/10.1111/jedm.12050.

Zhou Hao LONG, Lirong. Statistical tests and control methods for com-

mon method bias. Advances in Psychological Science 2004; 12(6):942-950.
doi.10.3969/j.issn.1671-3710.2004.06.018.

Wen Zhonglin Y, Baojuan. Mediation effects analysis: methodology and
model development. Adv Psychol Sci. 2014,22(5):15. https://doi.org/10.3724/
SPJ.1042.2014.00731.

Przepiorka A, Blachnio A, Cudo A. Procrastination and problematic

new media use: the mediating role of future anxiety. Curr Psychol.
2023;42(7):5169-77. https://doi.org/10.1007/512144-021-01773-w.

Zhang MX, Wu AMS. Effects of smartphone addiction on sleep quality
among Chinese university students: the mediating role of self-regulation and
bedtime procrastination. Addict Behav. 2020;111. https://doi.org/10.1016/j.
addbeh.2020.106552.

Hinsch C, Sheldon KM. The impact of frequent social internet consumption:
increased procrastination and lower life satisfaction. J Consumer Behav.
2013;12(6):496-505. https://doi.org/10.1002/cb.1453.

Cheng Yang L. Haiyan. Effects of short video addiction on sleep quality
among college students: a moderated mediating effect. Chin J Health Psy-
chol:1-13. https://doi.org/10.13342/j.cnki.cjhp.2024.02.018.

Hmehn C, Schmid SR, Plamberger CP, Bothe K, Angerer M, Gruber G, et al.
Preliminary results: the impact of Smartphone Use and Short-Wavelength
light during the Evening on Circadian Rhythm, Sleep and Alertness. Clocks
Sleep. 2021;3(1):66-86. https://doi.org/10.3390/clockssleep3010005.

Higuchi S, Motohashi Y, Liu Y, Maeda A. Effects of playing a computer game
using a bright display on presleep physiological variables, sleep latency,
slow wave sleep and REM sleep. Slow wave sleep and REM sleep. J Sleep Res.
2005;14(3):267-73. https://doi.org/10.1111/}.1365-2869.2005.00463 x.

Zou LW, Wu XY, Tao SM, Yang YJ, Zhang QJ, Hong XD, Xie Y, Li TT, Zheng S,
Suisheng, Tao F. Biao. Relationship between mobile phone dependence

and brain grey matter volume in college freshmen. China School Health.
2020;41(11):4. https://doi.org/10.16835/j.cnki.1000-9817.2020.11.004.
CuiG,YinY,LiS, Chen L, Liu X, Tang K et al. Longitudinal relationships among
problematic mobile phone use, bedtime procrastination, sleep quality and
depressive symptoms in Chinese college students: a cross-lagged panel
analysis. Bmc Psychiatry 2021; 21(1). Bmc Psychiatry 2021; 21(1). https://doi.
0rg/10.1186/512888-021-03451-4.

Sun’Y, Wang WG. Association between sleep and non-suicidal self-injurious
behaviour among Tajik secondary school students at high altitude.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 10 of 11

Chin School Health. 2021,42(08):1189-92. https://doi.org/10.16835/.
cnki.1000-9817.2021.08.016.

Zhao WR, Yu J, Lei X. The Impairment of Inhibitory Control Function in Insom-
nia Patients. Advances in psychology. 2017. dio: https://doi.org/10.12677/
AP2017.73042.

Amini M, Saboory E, Derafshpour L, Fakhari A, Wu JC, Bruggeman R, et al.
The impact of sleep deprivation on sexual behaviours and FAAH expression
in the prefrontal cortex of male rats. Neurosci Lett. 2020;735. https://doi.
0rg/10.1016/j.neulet.2020.135254.

Liu X, Zhang N. Development of early sleep problems in adolescents: gender
differences and the role of positive and negative emotions. Psychol Dev Educ.
2024,04:551-62. https://doi.org/10.16187/j.cnki.issn1001-4918.2024.04.10.
Lian Shuailei L, Qinggi S, Xiaojun Z. The relationship between mobile phone
addiction and college students'procrastination behaviour: a moderated
mediated effect analysis. Psychol Dev Educ. 2018;34(05):595-604. https://doi.
0rg/10.16187/j.cnkiissn1001-4918.2018.05.10.

park S. Associations of physical activity with sleep satisfaction, perceived
stress, and problematic internet use in Korean adolescents. BMC Public
Health. 2014;14. https.//doi.org/10.1186/1471-2458-14-1143.

Zhou X, Yang F, ChenY, Gao YR. The correlation between mobile phone
addiction and procrastination in students: a meta-analysis. J Affect Disord.
2024;346:317-28. https://doi.org/10.1016/jjad.2023.11.020.

Gong MJ, Fu G, Hu XF. Meta-analysis of the Effect of Exercise Exercise
intervention for Sleep disorders. China Sports Sci Technol. 2020;56(03):22-31.
https://doi.org/10.16470/j.csst.2019114.

Liu Junyi ZHANG, Qiang. Effects of after-school physical activity on sleep
quality of college students. J Phys Educ. 2009;16(09):74-7. https://doi.
0rg/10.16237/j.cnki.cn44-1404/98.2009.09.019.

Kautiainen S, Koivusilta L, Lintonen T, Virtanen SM, Rimpeld A. Use of
information and communication technology and prevalence of overweight
and obesity among adolescents. Int J Obes. 2005;29(8):925-33. https://doi.
0rg/10.1038/5].ij0.0802994.

Chen HX, Zhang GD, Wang ZH, Feng SY, Li HS. The Associations between
Daytime Physical Activity, While-in-Bed Smartphone Use, Sleep Delay, and
Sleep Quiality: A 24-h Investigation among Chinese College Students. Quality:
A 24-h Investigation among Chinese College Students. International Journal
of Environmental Research and Public Health 2022; 19(15). International Journal
of Environmental Research and Public Health 2022; 19(15). https://doi.
0rg/10.3390/ijerph19159693.

Huang H, Hou JX, Yu L, Zhou CH. Internet and mobile phone dependence
among college students and its correlation with mental health status.

China School Health. 2014;35(11):1654-6. https://doi.org/10.16835/j.
cnki.1000-9817.2014.11.020.

Congzhong P. Pathological internet use among college students in relation
to personality traits and mental health. J Ningbo Univ (Education Sci Edition).
2008;0251-5. https://doi.org/10.3969/j.issn.1008-0627.2008.02.012.

Zhang Lina S, QijunY, Yongjin Z, Tao C, Jun, Li Hui. Psychological and
personality characteristics of internet addicted students in a comprehen-
sive university in Ningbo. Chin J Mental Health. 2009;23(09):674-6. doi:
CNKI:SUN:ZXWS.0.2009-09-018.

Ai Dong J, Minmin W, Yangiu J, Yuelong. A study on the correlation between
internet addiction and depression and anxiety among college students
enrolled in a medical school. J Wannan Med Coll. 2019;38(06):586-8. doi:
CNKI:SUN:WNYX.0.2019-06-021.

Monteiro AP, Sousa M, Correia E. Internet addiction: relationship with anxiety,
depression, stress and time online. Revista Ces Psicologia. 2023;16(1):45-61.
https://doi.org/10.21615/cesp.6255.

Tang Kaiging F, Fang L, Ke C, Shijian P, Ting Y, Yanchuan, et al. Relationship
between early maladaptive schema, anxiety and procrastination in college
students. Psychol Dev Educ. 2015;31(03):360-7. https://doi.org/10.16187/].
cnkiissn1001-4918.2015.03.14.

Shan Hongbo Z, Luyao W, Min X, Yongjuan Q, Shanai, Li Y. The mediating
effect of college students’self-control in the relationship between procras-
tination and anxiety. Chin J Mental Health. 2016,30(08):624-8. https://doi.
0rg/10.3969/j.issn.1000-6729.2016.08.012.

Kim HJ, Oh SY, Joo JH, Choi D-W, Park E-C. The relationship between sleep
duration and perceived stress: findings from the 2017 Community Health
Survey in Korea. Int J Environ Res Public Health. 2019;16(17). https://doi.
0rg/10.3390/ijerph16173208.

Tokunaga RS, Rains SA. An evaluation of two characterizations of the relation-
ships between Problematic Internet Use, Time spent using the internet, and


https://doi.org/10.2147/PRBM.S419799
https://doi.org/10.3724/SP.J.1041.2021.00362
https://doi.org/10.3724/SP.J.1041.2021.00362
https://doi.org/10.2174/1871527313666140612102841
https://doi.org/10.2174/1871527313666140612102841
https://doi.org/10.3969/j.issn.1000-6729.2012.03.013
https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.16128/j.cnki.1005-3611.2010.04.020
https://doi.org/10.16128/j.cnki.1005-3611.2010.04.020
https://doi.org/10.1007/s00127-014-0821-4
https://doi.org/10.1007/s00127-014-0821-4
https://doi.org/10.1111/jedm.12050
https://doi.org/10.3724/SP.J.1042.2014.00731
https://doi.org/10.3724/SP.J.1042.2014.00731
https://doi.org/10.1007/s12144-021-01773-w
https://doi.org/10.1016/j.addbeh.2020.106552
https://doi.org/10.1016/j.addbeh.2020.106552
https://doi.org/10.1002/cb.1453
https://doi.org/10.13342/j.cnki.cjhp.2024.02.018
https://doi.org/10.3390/clockssleep3010005
https://doi.org/10.1111/j.1365-2869.2005.00463.x
https://doi.org/10.16835/j.cnki.1000-9817.2020.11.004
https://doi.org/10.1186/s12888-021-03451-4
https://doi.org/10.1186/s12888-021-03451-4
https://doi.org/10.16835/j.cnki.1000-9817.2021.08.016
https://doi.org/10.16835/j.cnki.1000-9817.2021.08.016
https://doi.org/10.12677/AP.2017.73042
https://doi.org/10.12677/AP.2017.73042
https://doi.org/10.1016/j.neulet.2020.135254
https://doi.org/10.1016/j.neulet.2020.135254
https://doi.org/10.16187/j.cnki.issn1001-4918.2024.04.10
https://doi.org/10.16187/j.cnki.issn1001-4918.2018.05.10
https://doi.org/10.16187/j.cnki.issn1001-4918.2018.05.10
https://doi.org/10.1186/1471-2458-14-1143
https://doi.org/10.1016/j.jad.2023.11.020
https://doi.org/10.16470/j.csst.2019114
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2009.09.019
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2009.09.019
https://doi.org/10.1038/sj.ijo.0802994
https://doi.org/10.1038/sj.ijo.0802994
https://doi.org/10.3390/ijerph19159693
https://doi.org/10.3390/ijerph19159693
https://doi.org/10.16835/j.cnki.1000-9817.2014.11.020
https://doi.org/10.16835/j.cnki.1000-9817.2014.11.020
https://doi.org/10.3969/j.issn.1008-0627.2008.02.012
https://doi.org/10.21615/cesp.6255
https://doi.org/10.16187/j.cnki.issn1001-4918.2015.03.14
https://doi.org/10.16187/j.cnki.issn1001-4918.2015.03.14
https://doi.org/10.3969/j.issn.1000-6729.2016.08.012
https://doi.org/10.3969/j.issn.1000-6729.2016.08.012
https://doi.org/10.3390/ijerph16173208
https://doi.org/10.3390/ijerph16173208

Meng et al. BMC Psychology (2024) 12:395

67.

68.

psychosocial problems. Hum Commun Res. 2010;36(4):512-45. https://doi.
0rg/10.1111/}.1468-2958.2010.01386.x.

D'Aurea CVR, Poyares D, Passos GS, Santana MG, Youngstedt SD, Souza

AA, et al. Effects of resistance exercise training and stretching on

chronic insomnia. Brazilian J Psychiatry. 2019;41(1):51-7. https://doi.
0rg/10.1590/1516-4446-2018-0030.

Hongbo G, Xiangying W, Mengjiao B. Associations between physical activity
and trajectories of anxiety and depression score changes among college stu-
dents. China School Health. 2020;41(11):1678-81. https://doi.org/10.16835/j.
cnki.1000-9817.2020.11.022.

Page 11 of 11

69. LiLi M, Songli N, Zhimin. Effects of smartphone addiction and negative
emotions on sleep quality among college students. China Public Health.
2016;32(05):646-9. https://doi.org/10.11847/z9ggws2016-32-05-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/j.1468-2958.2010.01386.x
https://doi.org/10.1111/j.1468-2958.2010.01386.x
https://doi.org/10.1590/1516-4446-2018-0030
https://doi.org/10.1590/1516-4446-2018-0030
https://doi.org/10.16835/j.cnki.1000-9817.2020.11.022
https://doi.org/10.16835/j.cnki.1000-9817.2020.11.022
https://doi.org/10.11847/zgggws2016-32-05-22

	﻿The effects of mobile phone addiction on bedtime procrastination in university students: the masking effect of physical activity and anxiety
	﻿Abstract
	﻿Introduction
	﻿Research methodology
	﻿Subjects
	﻿Research tools
	﻿Physical activity scale
	﻿Mobile phone addiction scale
	﻿Anxiety scale
	﻿Chinese version of the Bedtime Procrastination Scale


	﻿Data processing
	﻿Results and analyses
	﻿Common methodology bias control and testing
	﻿Group difference analysis of mobile phone addiction, bedtime procrastination, physical activity and anxiety
	﻿Descriptive statistics and correlation analysis
	﻿Analysis of chain-mediated effects of physical activity and anxiety

	﻿Discussion
	﻿Mobile phone addiction has a significant positive effect on bedtime procrastination of university students
	﻿Physical exercise mediates the relationship between mobile phone addiction and bedtime procrastination in university students
	﻿Anxiety mediates the relationship between mobile phone addiction and bedtime procrastination among university students
	﻿Physical activity and anxiety have a chain mediating role between mobile phone addiction and bedtime procrastination in college students

	﻿Conclusion
	﻿References


