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The impact of smartphone
dependence on college students’
sleep quality: the chain-mediated
role of negative emotions and
health-promoting behaviors

Yunfei Tao, Zhaozhi Liu, Li Huang, Haowei Liu, Haodong Tian,
Jinlong Wu, Lan Li and Li Peng*

College of Physical Education, Southwest University, Chongging, China

Objective: Sleep disturbances among college students have become a significant
issue affecting their daily lives. This study aims to explore the relationship
between smartphone dependence and sleep quality and examine the mediating
roles of negative emotions and health-promoting behaviors.

Methods: A total of 23,652 college students were included in the study, and
21,314 valid questionnaires were collected. The survey assessed demographic
factors, smartphone dependence, sleep quality, negative emotions, and health-
promoting behaviors. A chain mediation analysis was conducted to examine the
relationships among these factors.

Results: Smartphone dependence was significantly positively correlated with
sleep quality (r=0.272, p<0.001) and negative emotions (r=0.414, p<0.001),
and significantly negatively correlated with health-promoting behaviors
(r=-0.178, p<0.001). Sleep quality was positively correlated with negative
emotions (r=0.472, p<0.001) and negatively correlated with health-promoting
behaviors (r=-0.218, p<0.001).Smartphone dependence was a significant
positive predictor of sleep quality. Moreover, negative emotions and health-
promoting behaviors influenced the relationship between smartphone
dependence and sleep quality. The total effect, direct effect, and indirect effect
values were 0.304, 0.122, and 0.170, respectively.

Conclusion: Different demographic factors (such as gender and place of
residence) can lead to variations in different variables. Smartphone dependence
and negative emotions have a positive impact on sleep quality among college
students, while health-promoting behaviors have a negative impact. Smartphone
dependence directly and positively affects sleep quality and can also influence
it indirectly through the mediating effects of negative emotions and health-
promoting behaviors, both individually and in a chain-like manner.
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1 Introduction

With the ongoing advancements in mobile technology, people’s
modes of communication, learning, work, and entertainment have
been significantly enriched, making smartphones an indispensable
part of daily life. According to recent data, as of October 2023, China
had 1.092 billion internet users, 99.9% of whom accessed the internet
via smartphones. The number of online video users reached 1.067
billion, marking an increase of 36.13 million since December 2022,
with the trend continuing to rise (1). College students, a primary
demographic of smartphone users, are particularly prone to
developing smartphone dependence. The “2024 China Resident Sleep
Health White Paper” reveals that 56% of college students spend over
8h per day on their phones (2). This excessive use is largely attributed
to the transition from adolescence to adulthood and the lack of
smartphone restrictions in college, following the stringent controls
experienced during high school, which can foster excessive
dependence (3). Furthermore, due to the demanding coursework and
extracurricular activities during the day, college students are more
likely to use their phones before bedtime as a means of finding
personal space and emotional comfort. However, this practice often
results in reduced sleep duration and exacerbates sleep dependency (4).

Smartphone dependence is increasingly recognized as a behavioral
addiction, characterized by cravings, avoidance, and a reduction in
health-promoting behaviors (5). Excessive smartphone use can lead
to dependency, with studies showing that some college students
struggle with controlling their usage. This addiction is significantly
correlated with negative emotions such as depression (6) and poor
sleep quality (4), indicating that increased smartphone dependence
can elevate psychological health risks and reduce sleep quality.
Moreover, the light and electromagnetic fields emitted by smartphones
can alter brain activity, stimulating emotional and cognitive functions
and heightening arousal, which further contributes to sleep disorders
(7). Additionally, smartphone dependence can diminish health-
promoting behaviors, exacerbating the accumulation of negative
emotions. For example, dependence reduces social support
capabilities, leading to less interpersonal communication and
increased negative emotions (8). Conversely, reducing smartphone use
and increasing physical activity can effectively improve mental health
and sleep quality (9). Thus, smartphone dependence can negatively
impact sleep quality by reducing health-promoting behaviors and/or
increasing negative emotions. The relationship between smartphone
dependence and sleep quality in college students appears to
be dynamic. Research indicates a complex bidirectional predictive
relationship between smartphone dependence and sleep quality,
influenced by various factors, and a similar bidirectional relationship
exists between sleep quality and negative emotions like depression
(10). This suggests the need for longitudinal studies to further explore
the relationship between smartphone addiction and sleep quality
beyond cross-sectional findings.

Negative emotions such as anxiety, depression, and stress are key
indicators of mental health among college students. Studies have
shown a bidirectional relationship between smartphone dependence
and negative emotions, where each can positively predict the other,
and both contribute to poor sleep quality and exacerbated sleep
disorders (11). College students often experience accumulated
negative emotions due to lifestyle changes, academic pressures, and
career challenges (12, 13). The unrestricted leisure time in college,
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particularly for those without strong hobbies, can lead to excessive
smartphone use, which further isolates them socially, reduces health-
promoting behaviors like outdoor activities, and decreases sleep
quality due to prolonged screen time and heightened brain activity
before bed (6, 14). Given the reciprocal relationship between
smartphone dependence and negative emotions, addressing negative
emotions has been found to be effective in mitigating smartphone use
issues and improving sleep disorders (15). Therefore, there may be a
more complex relationship between negative emotions, smartphone
dependence, and sleep quality that warrants further exploration.

Health-promoting behaviors refer to the lifestyle choices
individuals make to enhance their health, wellbeing, and self-
actualization. These behaviors are “multidimensional, spontaneous,
and continuous” daily activities, including nutrition and exercise (16).
Research shows a significant negative predictive relationship between
health-promoting behaviors and negative emotions among college
students, where engaging in these behaviors can alleviate negative
emotions, while accumulated negative emotions can reduce the level
of health-promoting behaviors (17). Additionally, health-promoting
behaviors are crucial for sleep quality, as unhealthy lifestyle choices
can adversely affect sleep. Most studies have focused on harmful
behaviors like sedentary activity, drinking, and smoking (18, 19), with
fewer exploring the impact of smartphone dependence on health-
promoting behaviors and their influence on sleep quality from a
holistic perspective (20). This connection highlights the potential of
health-promoting behaviors to mitigate smartphone dependence and
improve overall wellbeing, suggesting a link between these factors.

Based on this, negative emotions and health-promoting behaviors
can serve as mediating factors in the relationship between smartphone
dependence and sleep quality among college students. They may also
jointly act as chain mediators influencing this relationship. Most
current research on smartphone dependence and sleep quality in
college students focuses on isolated emotions such as anxiety or
depression, with only a few studies incorporating overall negative
emotions or health-promoting behaviors, either independently or in
combination, to examine their impact on smartphone dependence or
sleep quality. Therefore, the results of this study aim to understand the
role of smartphone dependence in improving sleep quality through its
influence on negative emotions and health-promoting behaviors.
Additionally, it will help explore the effectiveness of health-promoting
behaviors in mitigating smartphone dependence and sleep disorders.
This research provides important evidence and theoretical support for
preventing and intervening in smartphone dependence among college
students, thereby maintaining their physical and mental health and
improving sleep quality.

2 Materials and methods
2.1 Participants

This cross-sectional study was conducted from October to
December 2021, targeting all undergraduate students at Southwest
University, excluding senior students (fourth-year students). A simple
random sampling method was employed to conduct the survey,
inviting all undergraduate students, except seniors, to participate
online. The questionnaire consisted of five parts: demographic
information (e.g., gender, place of residence, parents’ education level,
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etc.), the Health-Promoting Lifestyle Profile II (HPLP-II), the
Depression Anxiety Stress Scales (DASS-21), the Mobile Phone
Involvement Questionnaire (MPIQ), and the Pittsburgh Sleep Quality
Index (PSQI). During the survey, students were organized by their
respective colleges to gather at designated locations, where data
collection was carried out using both mobile phone scanning and
paper scales. Trained staff, who had received standardized training,
read aloud the informed consent and survey instructions. Each
questionnaire included an informed consent section, which
participants needed to agree to and sign themselves. The detailed
research process is illustrated in Figure 1.

A total of 29,754 students were invited to participate in this survey,
with 23,652 students agreeing to participate. Among them, 21,314
valid questionnaires were collected, resulting in a response rate of
79.49% and a valid response rate of 90.12%. The sample included
10,338 male students (48.50%) and 10,976 female students (51.5%).
Inclusion criteria were as follows: (1) current undergraduate students
at Southwest University; (2) no missing items in the questionnaire
responses; (3) no psychiatric medications taken within 1 month prior
to data collection; (4) survey completion time between 5 and 20 min,
as specified by the questionnaire design; (5) absence of response
patterns indicating regularity or inconsistency. Based on the
G-POWER sample size calculation formula, the required minimum
sample size was determined to be 384, using the formula
n=7Z"2xpx(1—p)/EA2, where Z=1.96 (with a 95% confidence
level), p=0.5, and E (margin of error)=0.05. This study met the
minimum sample size requirement. The survey was conducted with
the consent of college leaders, teachers, and the participants
themselves, ensuring voluntary participation and data confidentiality.
In accordance with the Declaration of Helsinki, the study was
approved by the Ethics Review Committee of the Southwest University
Hospital (Approval no: SWH202011281421).

2.2 Research tools

2.2.1 Smartphone dependence

The Mobile Phone Involvement Questionnaire (MPIQ), modified
by Walsh et al. (21), and translated into multiple languages for global
use, assesses individuals’ dependence on smartphone use, including
related behaviors and psychological traits. The MPIQ consists of eight
items, each rated on a 7-point Likert scale, with scores ranging from
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8 to 56. Higher scores indicate stronger dependence on smartphone
use (22). The MPIQ demonstrates good reliability and validity, with
an internal consistency coefficient (Cronbach’s @) of 0.84 (23). In this
study, the Cronbach’s a value for the MPIQ was 0.902.

2.2.2 Pittsburgh sleep quality index

The Pittsburgh Sleep Quality Index (PSQI), developed and revised
by Buysse et al. (24), is designed to assess individual sleep quality and
disturbances. This scale has been translated into multiple languages,
including Chinese, and is widely used globally. The Chinese version of
the PSQI consists of seven subcomponents: “subjective sleep quality;”
“sleep latency;” “sleep duration,” “sleep efficiency;” “sleep disturbances,”
“use of sleeping medication,” and “daytime dysfunction” Each item is
scored from 0 to 3, and the total PSQI score is the sum of the scores of
these seven subcomponents, ranging from 0 to 21. Higher scores
indicate more severe sleep disturbances. Specifically, a total score of 0-5
indicates “good” sleep quality, 6-10 indicates “mild” sleep disturbances,
11-15 indicates “moderate” sleep disturbances, and 16-21 indicates
“severe” sleep disturbances. The PSQI demonstrates good reliability
and validity, with an internal consistency coefficient (Cronbach’s @) of
0.83 (25). In this study, the Cronbach’s a value for the PSQI was 0.87.

2.2.3 Negative emotion

The Depression Anxiety Stress Scales (DASS-21), developed by
Lovibond and Lovibond (26), has been translated into multiple
languages, including Chinese. This scale is widely used in China and
has been proven effective in measuring levels of depression, anxiety,
and stress within negative emotional states. The Chinese version of the
DASS-21 demonstrates good reliability and validity, with internal
consistency coeflicients (Cronbach’s @) for the depression, anxiety, and
stress subscales being 0.83, 0.80, and 0.82, respectively. The overall
DASS score has a Cronbach’s @ of 0.92 (27). In this study, the
Cronbach’s a value for the DASS-21 was 0.957. The scale comprises
three dimensions: anxiety, depression, and stress, with each dimension
containing seven items, totaling 21 items. Responses are scored on a
four-point scale: “0” for “never;” “1” for “sometimes,” “2” for “often,”
and “3” for “almost always.” Higher scores on the scale indicate more
severe negative emotions.

2.2.4 Health-promoting behaviors
The Health-Promoting Lifestyle Profile II (HPLP-II) scale,
developed by Walker et al. (28), based on Pender’s Health Promotion
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Model, is designed to effectively measure health-promoting behaviors
and their various dimensions. The Chinese version of the HPLP-II
demonstrates good reliability and validity and is widely used to assess
the lifestyles of university students. This scale is a well-established
tool for assessing health behaviors both domestically and
internationally. It includes 52 items divided into six subscales: self-
actualization (nine items), health responsibility (nine items), physical
activity (eight items), nutrition (nine items), interpersonal relations
(nine items), and stress management (eight items). The questionnaire
has good reliability and validity, with Cronbach’s a coefficients as
follows: self-actualization (0.904), health responsibility (0.814),
physical activity (0.809), nutrition (0.757), interpersonal relations
support (0.800), stress management (0.702), and the overall Health-
Promoting Lifestyle Profile (HPLP) (0.922). In this study, the
Cronbach’s a value for the HPLP-II was 0.981. The scale uses a four-
point Likert scoring method (1=never, 2=sometimes, 3 =often,
4 =routinely), with scores ranging from 52 to 208. The scoring is as
follows: 52-90 points indicate “poor,” 91-129 points indicate
“average,” 130-168 points indicate “good,” and 169-208 points
indicate “excellent” Higher scores represent higher levels of health-
promoting behaviors.

2.3 Statistical analyses

This study conducted statistical analysis using IBM SPSS version
27.0. First, descriptive statistics were performed, with frequencies and
percentages used to describe the demographic characteristics of the
participants. Cronbach’s alpha was used to verify the internal
consistency coefficients and reliability of the four scales. Pearson
correlation analysis was conducted on the independent variable,
dependent variable, and the two mediating variables. Harman’s
single-factor test was employed to assess common method bias across
all variables. For the chain mediation analysis, the SPSS PROCESS
macro v4.1 developed by Hayes was used. Specifically, Model 6 in
PROCESS was utilized for mediation effect analysis, with 5,000
Bootstrap resamples and bias-corrected percentile Bootstrap
confidence intervals (Cls) used to evaluate effect sizes. A mediation
effect was considered significant when the 95% CI did not include
zero. Additionally, during the analysis, covariates such as gender,
place of household registration, and parents’ education levels were
included in the model to control for demographic factors while
exploring the chain mediation effect of health-promoting behaviors
on negative emotions. Finally, linear regression analysis was
conducted, with the MPIQ, PSQI, DASS-21, and HPLP-II used as
outcome variables, while other demographic factors and variables
were treated as predictors to explore their predictive relationships
with the outcome variables.

3 Results
3.1 Common method bias test

To avoid common method bias, procedural controls were
implemented to mitigate its sources. An exploratory factor analysis of

all test items was conducted using Harman’ single-factor test in SPSS
version 25.0. The results indicated that the first factor accounted for
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35.386% of the variance, which is below the critical threshold of 40%,
suggesting that there is no significant common method bias in this study.

3.2 Descriptive analysis

Before examining the mediating effects of negative emotions
and health-promoting behaviors, descriptive statistics were
performed on the collected demographic variables, including
gender, place of residence, and parents’ educational levels
(Table 1).

3.3 Correlation analysis

The correlation results (Table 2) indicate that college students who
maintain higher levels of health-promoting behaviors report
significantly lower levels of mobile phone dependency, sleep quality
issues, and negative emotions. Conversely, higher levels of mobile
phone dependency are associated with more severe sleep disturbances
and negative emotions. The correlations among all variables were
significant, meeting the prerequisites for conducting a chain
mediation analysis.

TABLE 1 Demographic characteristics.

Gender Male 10,338 48.50
Female 10,976 51.50
Place of residence Rural 10,775 50.55
Urban 10,539 49.45
Father’s education | Primary or 2,486 11.66
below
Middle school 6,747 31.66
Associate 6,815 31.97
degree
Bachelor’s or 5,266 24.71
above
Mother’s education | Primary or 4,020 18.86
below
Middle school 6,450 30.26
Associate 6,607 31.00
degree
Bachelor’s or 4,237 19.88
above
Only child Yes 7,827 36.72
No 13,487 63.28
Smoking Yes 753 3.53
No 20,561 96.47
Alcohol Yes 454 2.13
consumption
No 20,860 97.87
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TABLE 2 Correlation analysis between mobile phone dependence, sleep quality, negative emotions, and health-promoting behaviors.

Regression equation Overall fit index Significance

Outcome Predictor R? SE

variable variable

PSQI MPIQ 0.299 0.090 262.295%%* 0.298 0.007 42.619
Gender 0.081 0.013 6.101
Place of residence 0.013 0.016 0.812
Father’s education —0.003 0.010 —0.298
Mother’s education —0.022 0.010 —2.261
Smoking 0.228 0.053 4.282
Drinking 0.387 0.050 7.697
Only child —0.045 0.016 —2.833

PSQI MPIQ 0.490 0.240 641.545%%%* 0.118 0.007 16.994
DASS-21 0.423 0.007 62.239
HPLP-II —0.083 0.006 —13.483
Gender 0.083 0.012 6.816
Place of residence 0.030 0.015 2.018
Father’s education 0.000 0.009 —0.018
Mother’s education —0.013 0.009 —1.471
Smoking 0.165 0.049 3.380
Drinking 0.256 0.046 5.571
Only child —0.055 0.014 —3.818

HPLP-II MPIQ 0.232 0.054 134.862%** —0.087 0.008 —-11.219
DASS-21 —0.083 0.008 —10.870
Gender 0.240 0.014 17.731
Place of residence 0.020 0.017 1.184
Father’s education —0.051 0.010 —5.081
Mother’s education —0.045 0.010 —4.609
Smoking —0.285 0.055 —5.222
Drinking —0.071 0.052 -1.375
Only child —0.151 0.016 -9.390

DASS-21 MPIQ 0.400 0.160 506.375%%* 0.397 0.006 62.108
Gender 0.040 0.012 3.327
Place of residence —0.035 0.015 —2.348
Father’s education —0.016 0.002 —0.789
Mother’s education —0.029 0.009 —3.286
Smoking 0.092 0.049 1.890
Drinking 0.288 0.046 6.255
Only child —0.005 0.014 —0.326

##*Indicates p<0.001.

3.4 Hierarchical regression analysis of
chain mediation effect

Based on hierarchical regression analysis, the following model was
established: sleep quality was set as the dependent variable, with
mobile phone dependence, negative emotions, and health-promoting
behaviors as independent variables. Gender, place of residence, and
parents’ educational levels were included as control variables to test
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the main, direct, and indirect effects (Table 3). The results showed that
mobile phone dependence significantly positively predicted sleep
quality and negative emotions (=0.298, p <0.001; #=0.397, p<0.001)
and significantly negatively predicted health-promoting behaviors
(p=—0.087, p<0.001). When both health-promoting behaviors and
negative emotions were included in the regression equation, negative
emotions significantly positively predicted sleep quality, and health-
promoting behaviors significantly negatively predicted sleep quality
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TABLE 3 Hierarchical regression analysis of chain mediation effect.

M SD MPIQ PSQl DASS- HPLP-

21 Il

MPIQ 29.83 | 10.48 1

PSQI 6.18 2.87 0.272%%* 1

DASS- 33.04 | 1215

0.414%%* 0.4727%%% 1

21

HPLP- | 134.38  29.89

- —0.178*%% | —0.218%** | —(.264%*** 1

##*Indicates p<0.001.

TABLE 4 Analysis of direct effects of mobile phone dependence on sleep
quality and mediation effects of negative emotions and health-promoting
behaviors.

Effects Boot Boot Boot Relative
SE LLCI ULCI mediation
effect
Aggregate
8818 0.304 0.007 0.290 0.318
effect
Total direct
0.122 0.007 0.109 0.136 40.29%
effect
Total
indirect 0.170 0.004 0.162 0.178 56.06%
effect
Indirect
0.163 0.004 0.155 0.171 53.49%
effect 1
Indirect
0.006 0.001 0.004 0.007 1.84%
effect 2
Indirect
0.002 0.001 0.002 0.003 0.72%
effect 3
Compare 1 0.157 0.004 0.149 0.165
Compare 2 0.160 0.004 0.152 0.168
Compare 3 0.003 0.001 0.002 0.005

($=0.423, p<0.001; #=—0.083, p<0.001). Additionally, mobile phone
dependence significantly positively predicted sleep quality (f=0.118,
p<0.001).

3.5 Chain mediation effect analysis

Emotions and health-promoting behaviors significantly mediated
the relationship between mobile phone dependence and sleep quality
(Table 4, Figure 1). The total mediation effect, with negative emotions
and health-promoting behaviors as mediators, was 0.170, accounting
for 56.06% of the total effect of mobile phone dependence on sleep
quality (total effect value 0.304). The mediation effect included three
indirect pathways: mobile phone dependence — negative emotions
— sleep quality (effect value 0.163), mobile phone dependence —
health-promoting behaviors — sleep quality (effect value 0.006), and
mobile phone dependence — negative emotions — health-promoting
behaviors — sleep quality (effect value 0.002). These indirect effects
accounted for 53.49, 1.84, and 0.72% of the total effect, respectively,
and the 95% confidence intervals (Cls) for these three indirect effects
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-0.083***

HPLP-II

Y

DASS-21

0.208*** (0.]118%**)

FIGURE 2

Mediation effects of negative emotions and health-promoting
behaviors on the relationship between mobile phone dependence
and sleep quality.

did not include zero, indicating that all three indirect effects were
significant. Additionally, the comparison of mediation effects showed
significant differences between the mediation effects of negative
emotions and health-promoting behaviors (95% CI: 0.149, 0.165),
and both the mediation effects of negative emotions and health-
promoting behaviors were significantly different from the total chain
mediation effect (95% CI: 0.152, 0. 168; 95% CI: 0.002, 0.005)
(Figure 2).

3.6 Explicit regression analysis of variables
in the chain mediation model

Four linear regression analyses were conducted, with each of the
four variables in the model being used as the outcome variable in turn
(as shown in Table 5). Demographic factors and the remaining
variables were used as predictor variables. The results showed
the following:

When MPIQ was the outcome variable, gender (£$=0.039,
p<0.001), residence ($=0.029, p<0.01), alcohol consumption
($=0.057, p<0.001) were positive predictors.

When PSQI was the outcome variable, gender ($=0.051,
p<0.001), smoking status (f=0.028, p<0.001), alcohol consumption
($=0.072, p<0.001) were positive predictors.

When DASS-21 was the outcome variable, gender ($=0.036,
p<0.001), alcohol consumption ($=0.066, p<0.001) were
positive predictors.

When HPLP-II was the outcome variable, only gender (5=0.113,
p<0.001) served as a positive predictor.

4 Discussion

This study examined the impact of smartphone dependence on
sleep quality among college students, exploring the mediating roles of
negative emotions and health-promoting behaviors. The results
indicate a positive correlation between smartphone dependence and
poor sleep quality. Health-promoting behaviors were found to
be negatively correlated with smartphone dependence, sleep quality,
and negative emotions. Moreover, smartphone dependence not only
directly and positively affects sleep quality but also influences it
through the independent and combined mediating effects of negative
emotions and health-promoting behaviors.
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TABLE 5 Regression analysis of variables in the chain mediation model.

10.3389/fpubh.2024.1454217

Outcome Predictor

variable variable

MPIQ Gender 0.077 0.006 18.079 0.039 5.709 <0.001
Residence 0.029 3.449 <0.010
Father’s education —0.005 —0.490 0.624
Mother’s education 0.011 1.130 0.259
Only child —0.024 —3.030 <0.010
Smoking —0.012 —1.531 0.126
Drinking 0.057 7.567 <0.001

PSQI Gender 0.110 0.012 37.117 0.051 7.461 <0.001
Residence 0.015 1.747 0.081
Father’s education —0.004 —0.423 0.672
Mother’s education —0.019 —1.854 0.064
Only child —0.028 —3.569 <0.001
Smoking 0.028 3.682 <0.001
Drinking 0.072 9.519 <0.001

DASS-21 Gender 0.087 0.008 23.418 0.036 5.299 <0.001
Residence —0.007 —0.811 0.417
Father’s education —0.018 —1.838 0.066
Mother’s education —0.026 —2.581 <0.05
Only child —0.012 —1.486 0.137
Smoking 0.009 1.140 0.254
Drinking 0.066 8.727 <0.001

HPLP-II Gender 0.190 0.036 113.971 0.113 16.688 <0.001
Residence 0.008 0.953 0.341
Father’s education —0.047 —4.847 <0.001
Mother’s education —0.044 —4.455 <0.001
Only child —0.069 —8.935 <0.001
Smoking —0.038 —5.139 <0.001
Drinking —0.020 —2.691 <0.01

The results indicate a positive correlation between smartphone
dependence and poor sleep quality, meaning that the more severe the
smartphone dependence among college students, the lower their sleep
quality and the more serious their sleep disturbances. Similar to
previous studies, smartphone dependence is identified as a significant
factor affecting sleep quality (29). This relationship arises from
increased academic pressure, reduced leisure time, and the fragmented
nature of internet entertainment. Many students use their phones
before sleep to relax, but this often leads to heightened anxiety and
stress (30), inducing the brain to release more dopamine, which keeps
the brain active, reduces sleep time, and causes sleep disturbances
(31). Further demographic analysis reveals that female students, those
living in rural areas, non-only children, and those with a history of
alcohol consumption are more likely to develop higher smartphone
dependence. Additionally, female students, non-only children, and
those with smoking and drinking histories are more prone to
experiencing severe sleep disturbances. This suggests that when
studying smartphone dependence and sleep disorders among college
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students, it is essential to consider these demographic factors
separately for a more nuanced understanding. It also highlights that
certain groups, such as females, non-only children, and students with
a history of alcohol consumption, may be at greater risk for severe
smartphone dependence and sleep disorders.

The mediation effect of negative emotions reveals that smartphone
dependence indirectly influences sleep quality through the
independent mediation of negative emotions. Additionally, there is a
significant positive relationship between smartphone dependence and
negative emotions among college students. Similar to existing findings,
negative emotions and smartphone dependence interact, where
increased smartphone use exacerbates negative emotions, leading to
more severe sleep disturbances. Furthermore, the accumulation of
negative emotions may also increase smartphone dependence, as
students may rely on their phones as a means of relaxation. However,
this reliance does not alleviate negative emotions and instead results
in reduced sleep time and heightened smartphone dependence (4).
Moreover, studies suggest that accumulated negative emotions
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adversely affect sleep quality, such as emotional induction significantly
delaying sleep onset latency (32). Anxiety and depression are identified
as key factors contributing to poor sleep quality (33). Demographic
analysis also indicates that female students, non-only children, and
those who smoke or drink are more likely to experience severe sleep
disturbances. These findings collectively suggest that negative
emotions are both a direct factor affecting sleep quality and a
mediating factor in the relationship between smartphone dependence
and sleep quality.

Although health-promoting behavior was a statistically-significant
mediator in the chain-mediation between mobile phone dependence
and sleep quality, this effect was weak. The mediating effect of negative
mood was much more important. To be specific, the mediation effect of
health-promoting behaviors demonstrates that smartphone dependence
indirectly influences sleep quality through this independent mediator.
There is a significant negative correlation between smartphone
dependence and health-promoting behaviors among college students,
and both smartphone dependence and sleep quality are negatively
correlated with health-promoting behaviors. Consistent with existing
findings, more severe smartphone dependence leads to lower levels of
health-promoting behaviors and more serious sleep disturbances (34,
35).Health-promoting behaviors include six dimensions: interpersonal
relations, health responsibility, stress management, nutrition, physical
activity, and spiritual growth. These dimensions can assess the daily
lifestyle behaviors of most students. The study found that factors such
as gender, alcohol consumption, and only-child status significantly
impact the level of health-promoting behaviors. For example, males
might have higher levels due to greater physical activity (36, 37).
Furthermore, alcohol consumption and being an only child are
associated with lower levels of health-promoting behaviors, which
aligns with previous research (38). In this study, a deeper analysis of
demographic factors reveals that female students, those with less-
educated parents, non-only children, and students without a history of
smoking or drinking tend to have higher levels of health-promoting
behaviors. This may be because females are more concerned with
health, and students from these backgrounds may be more inclined to
enhance their health through daily lifestyle choices, taking responsibility,
and engaging in social interactions (39). For college students, reduced
smartphone dependence can increase the likelihood of engaging in
health-promoting behaviors during leisure time, thus enhancing overall
health. However, smartphone dependence shortens their available time
for such activities (20, 40). Moreover, when students shift their focus
toward health-promoting behaviors, the impact of smartphone
dependence on sleep quality diminishes. These findings are significant
for preventing smartphone dependence and improving sleep quality
among college students.

The analysis of the combined mediation effects of negative
emotions and health-promoting behaviors reveals that smartphone
dependence not only directly influences negative emotions among
college students but also indirectly impacts sleep quality through the
mediation of negative emotions and health-promoting behaviors.
Negative emotions, particularly depression, anxiety, and stress,
significantly negatively affect health-promoting behaviors. The
accumulation of negative emotions exacerbates the impact of
smartphone dependence on sleep disturbances, while improving
health-promoting behaviors can reduce smartphone dependence and
enhance sleep quality. Specifically, increased smartphone dependence
leads to greater accumulation of negative emotions, which in turn
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reduces physical activity, interpersonal interactions, and healthy
dietary choices among students. This creates a cycle where reduced
health-promoting behaviors fail to alleviate negative emotions, leading
to worsened sleep quality and more severe sleep disorders. Previous
studies have shown a bidirectional predictive relationship between
negative emotions and health-promoting behaviors, where improving
health behaviors can help alleviate negative emotions and vice versa
(17, 41). This study confirms that the accumulation of negative
emotions indeed leads to a decline in health-promoting behaviors,
intensifying the impact of smartphone dependence on sleep disorders.
On the other hand, enhancing health-promoting behaviors helps
mitigate negative emotions, reduce smartphone dependence, and
improve sleep quality. It is worth noting that while exploring the
effects of smartphone addiction on sleep quality and mental health,
the potential benefits of smartphone use, such as its role in improving
negative emotions and sleep quality through apps and Al technologies,
should not be overlooked. However, this study does not delve into
these aspects. Therefore, promoting health-promoting behaviors is
crucial for alleviating negative emotions, reducing smartphone
dependence, and improving sleep quality among college students.

4.1 Limitations and future directions

Although this study, through the chain mediation effects of
negative emotions and health-promoting behaviors, in conjunction
with previous research, identified the direct impact of smartphone
dependence on sleep quality, as well as its indirect effects via these
mediators, several limitations remain. First, the study’s cross-sectional
design only allows for speculative conclusions about the bidirectional
relationships between smartphone dependence, negative emotions,
and health-promoting behaviors based on existing literature. Future
research should address this by conducting longitudinal studies with
larger sample sizes, using cross-lagged or longitudinal mediation
models to establish causal relationships. Second, while demographic
factors were considered as covariates, they were not examined as
predictors of the mediation effects. Future research should investigate
how different demographic factors influence these mediation
pathways to provide a more comprehensive understanding. Third, the
dual nature of smartphones, as both beneficial and harmful, was not
fully explored. While the study focused on the detrimental effects of
smartphone dependence on negative emotions, health-promoting
behaviors, and sleep quality, it overlooked potential positive impacts,
such as Al-assisted interventions for mental health and sleep. This area
warrants further exploration. Finally, the study only considered
negative emotions and health-promoting behaviors as mediators of
the relationship between smartphone dependence and sleep quality.
Given the complexity and diversity of college life, future research
should explore additional factors and develop more comprehensive
models to better understand this relationship.

5 Conclusion

Smartphone dependence and negative emotions both positively
influence sleep quality among college students, while health-
promoting behaviors have a negative impact on it. Smartphone
dependence directly affects sleep quality and also exerts indirect
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effects through the mediating roles of negative emotions and health-
promoting behaviors, both independently and in a chain. Different
demographic factors (e.g., gender, residence) lead to variations in
these relationships, suggesting that future research should employ
more detailed subgroup analyses to better understand the potential
influences on sleep quality among college students.
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