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Purpose: This study aims to investigate the longitudinal relationship between 
Mobile Phone Addiction (MPA) and Bedtime Procrastination (BP) and to analyze 
differences across various gender and stress level groups, providing a theoretical 
basis and practical guidance for the development of relevant intervention 
strategies.

Methods: A longitudinal research design was employed, conducting two surveys 
among 1,423 first-year to junior college students at a university in Wenzhou, 
Zhejiang Province, in November 2021 and May 2022. Measurements were 
taken using the Mobile Phone Addiction Scale, Bedtime Procrastination Scale, 
and Depression Anxiety Stress Scale-21 (DASS-21). Data were analyzed using 
SPSS 26.0 and AMOS 24.0, employing methods such as descriptive statistics, 
correlation analysis, repeated measures variance analysis, and structural 
equation modeling.

Results: The study found that both MPA and BP are on the rise among college 
students and share a bidirectional longitudinal relationship. Under low-stress 
conditions, MPA significantly predicted subsequent BP, while under high-
stress, BP significantly predicted subsequent MPA. Additionally, gender-specific 
analyses revealed that MPA significantly predicted subsequent BP in both male 
and female students, but BP only significantly predicted subsequent MPA in 
female students.

Conclusion: MPA and BP mutually influence each other among college 
students, with this relationship being moderated by stress levels and gender. 
Personalized intervention measures should be adopted for college students of 
different genders and stress levels to effectively prevent and alleviate MPA and 
BP, promoting the healthy growth and comprehensive development of college 
students.
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1 Introduction

Technological advancements have made mobile phones essential 
for modern communication. As of June 2024, China boasts a mobile 
internet user base of 1.09  billion, with 99.7% of internet users 
accessing the web via mobile devices. Among them, 13.5% are college 
students aged 20–29 (China Internet Network Information Center, 
2024). While mobile phones facilitate communication and daily tasks, 
their overuse has led to several issues that particularly affect the 
physical and mental health of young people, such as anxiety and 
depression (Samaha and Hawi, 2016; Enez Darcin et al., 2016; Zhang 
et al., 2019). Furthermore, the excessive use of mobile phones might 
also lead to Mobile Phone Addiction (MPA), which refers to cognitive, 
emotional, and behavioral changes resulting from excessive usage and 
is marked by emotional dependence despite an awareness of its 
negative effects (Winkler et al., 2020).

MPA is prevalent among college students. In China, 40% of 
students feel uneasy without their phones, while 37% struggle when 
separated from their devices (Zhu et al., 2009). A meta-analysis reveals 
that 23% of Chinese college students suffer from MPA, with 
contributing factors including abundant free time, low self-control, 
and increased pressures related to identity and lifestyle demands, such 
as online learning, socializing, gaming, and shopping (Winkler et al., 
2020). Recent studies have found that MPA might negatively impact 
academic performance (Hong et al., 2021), social interactions (Yusuf 
et al., 2020), and overall well-being (Li et al., 2020). While MPA leads 
to several health issues, one of the most noticeable detriments might 
be Bedtime Procrastination (BP), which refers to the intentional delay 
of bedtime despite the absence of external disruptions (Geng et al., 
2021; Meng et al., 2024; Cemei et al., 2024; Bozkurt et al., 2024; Kroese 
et al., 2014). BP is linked to sleep deprivation (Meng et al., 2024), 
which in turn is associated with mood disorders, cognitive decline, 
weakened immunity, and obesity (Ma et al., 2022). Moreover, it might 
diminish productivity and academic performance, adversely affecting 
the mental and physical health of college students (Cui et al., 2021).

The relationship between MPA and BP appears to be robust, with 
research indicating that excessive night-time mobile phone use, driven 
by addiction, unfavorably impacts sleep quality and duration (Hamvai 
et al., 2023). Prolonged phone use can decrease melatonin levels as the 
screen’s blue light inhibits the production of melatonin and makes it 
harder for the mobile phone users to fall asleep (Vollmer et al., 2017). 
Meanwhile, BP can also exacerbate these issues by reinforcing 
addictive behaviors (Yang J. et al., 2020). Activities such as watching 
videos, reading online novels, or gaming can create an immersive 
“flow” state, blurring the sense of time and delaying bedtime (Geng 
et al., 2018; Zeng, 2019; Chung et al., 2020). This not only diminishes 
sleep quality but can also result in a negative mental state the following 
day, which impacts learning and daily functioning (Schmidt 
et al., 2024).

A longitudinal study of 622 Chinese college students found a 
strong positive correlation between MPA and BP, revealing a 
bidirectional relationship where MPA increases the risk of BP, and BP 
contributes to the development of MPA (Chen et al., 2023). Specially, 
students with higher levels of MPA early on were more likely to 
develop severe BP later, while those with lower MPA experienced 
fewer BP issues. This study also emphasized the mediating role of 
self-control, suggesting that interventions aimed at enhancing self-
regulation skills could help alleviate both MPA and BP (Chen et al., 
2023). These findings underscore the intricate interplay between 

cognitive and emotional processes, suggesting that interventions 
targeting either MPA or BP should consider both individual 
predispositions and situational factors to address these 
issues effectively.

To better understand the bidirectional relationship between MPA 
and BP, we draw on several theoretical frameworks. The Interaction 
of Person-Affect-Cognition-Execution (I-PACE) model (Brand et al., 
2016, 2019) posits that individual predispositions, affective responses, 
cognitive processes, and executive functions interact to influence 
addictive behaviors. In the context of MPA and BP, the disparities in 
self-regulation capacity, emotional regulation, and cognitive biases 
play a crucial role in the development and persistence of these 
behaviors. Besides, the Behavioral Addiction Theory (Kuss and 
Griffiths, 2012) highlights the reinforcing mechanisms underlying 
addictive behaviors, suggesting that the pleasurable experiences 
associated with mobile phone use create a reward loop that 
perpetuates addiction. Furthermore, the Self-Determination Theory 
(Ryan and Deci, 2000) underscores the importance of autonomy, 
competence, and relatedness in maintaining healthy behaviors. When 
it comes to MPA and BP, these needs play a critical role in problematic 
behaviors. Insufficient autonomy over phone use and the desire for 
relatedness to sustain peer relationships induce students to excessive 
mobile phone use, which in turn disrupts sleep routines and 
contributes to BP (Gao et al., 2022; Hong et al., 2020, 2021).

Given that stress is common among college students and is likely 
to negatively impact academic performance as well as mental and 
physical health (Schmidt et al., 2024), it is essential to investigate its 
role in examining the relationship between MPA and BP. However, 
empirical research on the daily dynamics of these three constructs 
among college students remains limited. One recent study in Korea 
conducted by Song and Park (2019) revealed that stress was positively 
correlated with internet addiction. Under stress, individuals often use 
their mobile phones to escape real-life problems and relieve negative 
emotions (Song and Park, 2019). Furthermore, Schmidt et al. (2024) 
conducted an investigation on 96 German college students to explore 
the relationship between stress and BP using a sleep-tracking wearable 
over 2 weeks. The findings demonstrated that students who 
experienced more stress on a daily basis had increased BP, shorter 
sleep time, and lower sleep quality (Schmidt et  al., 2024). These 
findings are consistent with those of Berset et  al. (2011), who 
investigated 393 adults and found that stress was a strong predictor of 
impaired sleep. Stress might lead to thought backtracking before 
bedtime, which is likely to disrupt sleep and might contribute to BP 
(Berset et al., 2011). Meanwhile, Bernecker and Job (2020) found that 
following a particularly stressful day, individuals appear to be more 
inclined to procrastinate on sleep. In these contexts, people are more 
likely to turn to their phones to alleviate stress, which might 
subsequently lead to bedtime procrastination. This pattern creates a 
vicious cycle: Stress increases mobile phone use, which in turn 
worsens BP, perpetuates stress, and further disrupts sleep quality and 
overall health.

In addition, our study recognizes that gender differences play a 
significant role in the relationship between MPA and BP. Previous 
research has highlighted that women tend to exhibit higher levels of 
MPA than men (Li et  al., 2014; Van Deursen et  al., 2015). This 
disparity may be attributed to distinct coping mechanisms for stress, 
with women typically relying on cognitive reappraisal to manage 
negative emotions, whereas men are more likely to engage in 
expressive inhibition (Yang X. et al., 2020). These divergent coping 
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strategies may influence the tendency to use mobile phones as a means 
of escaping reality during stressful times, thereby shaping the interplay 
between MPA and BP.

Given these theoretical and practical underpinnings, 
we  hypothesize a bidirectional relationship between MPA and 
BP. Specifically, we propose that MPA at Time 1 (T1) would predict 
BP at Time 2 (T2), and BP at T1 would predict MPA at T2. This 
relationship would be moderated by perceived stress levels, with high 
stress exacerbating the relationship between MPA and 
BP. Additionally, gender would moderate this relationship, with the 
relationship being stronger among female students compared to male 
students. The specific research assumptions are outlined as follows 
(see Figure 1).

 1 There is a bidirectional relationship between MPA and BP 
among college students over time.

 2 Under high-stress conditions, the cross-lagged relationship 
between MPA and BP is more pronounced among college 
students than under low-stress conditions.

 3 Among female college students, the cross-lagged relationship 
between MPA and BP is stronger and more closely linked than 
among male students.

2 Methods

2.1 Participants and procedures

The study was conducted with a sample of college students from a 
university in Wenzhou, Zhejiang Province, using the convenience 
sampling method in November 2021 (T1). Data collection was 
conducted online via the Wenjuanxing platform, where participants 
completed the questionnaire anonymously after providing informed 
consent. The first page of the questionnaire provided comprehensive 
information about the study’s purpose, significance, completion 
instructions, and contact details for any questions participants might 
have. Informed consent was obtained from all participants prior to 
their participation. Participants completed the questionnaire 
anonymously after providing their informed consent. To ensure the 
integrity of the data, participants were required to complete all the 
questionnaire items before submission. The follow-up survey (T2) was 

conducted 6 months later in May 2022, with participants identified by 
their student IDs from the first survey to maintain data consistency.

Participants were invited to take part in the study on a voluntary 
basis and were not compensated for their participation. The questionnaire 
was designed to be  completed in approximately 15 min. The study 
adhered to the Declaration of Helsinki and received ethical approval 
from the ethics committee of the corresponding author’s university 
(Number: 2022–028). The final dataset included 1,593 college students 
who completed both rounds of surveys. However, 170 questionnaires 
were deemed invalid due to reasons such as repeated submissions, lack 
of serious responses (e.g., patterned answers, incorrect basic 
information), or exceptionally short response times (less than 120 s). 
After excluding these invalid responses, 1,423 valid questionnaires were 
obtained, resulting in an effective recovery rate of 89.3%.

2.2 Measure

2.2.1 Background variables
The study collected demographic information about the 

participants, including age, gender, grade, whether they were an only 
child, and hometown (urban or rural). Additionally, participants 
reported their average daily mobile phone use before sleep and the 
activities they engaged in before sleep at both T1 and T2. The specific 
categories and frequencies were presented in Table 1.

2.2.2 Mobile phone addiction
The Mobile Phone Addiction Index (MPAI), developed by Leung 

(2008), measured problematic mobile phone use among college 
students and consisted of 17 items across four dimensions: avoidance, 
loss of control, inefficiency, and withdrawal. Responses were scored 
on a 5-point Likert scale ranging from 1 (never) to 5 (always), with 
higher scores indicating higher levels of problematic phone use. The 
Cronbach’s α was 0.91 at T1 and 0.93 at T2, respectively.

2.2.3 Bedtime procrastination
The sleep procrastination scale, developed by Kroese et al. (2014) 

and adapted by Xu (2017), measured college students’ BP. It consisted 
of 8 items scored on a 5-point Likert scale, with higher scores 
indicating a greater tendency to delay sleep. The Cronbach’s α was 0.92 
at T1 and 0.93 at T2, respectively.

FIGURE 1

The cross-lagged model of MPA and BP.
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2.2.4 Perceived stress level
The Depression Anxiety Stress Scale-21 (DASS-21), compiled by 

Lovibond and Lovibond (1995) and adapted by Gong et al. (2010), was 
used to assess common emotional disorders such as depression, anxiety, 
and stress, providing auxiliary psychometric indicators for clinical 
diagnosis. The scale consisted of three subscales: depression, anxiety, and 
stress, each containing 7 items. Responses were scored on a 4-point Likert 
scale, with higher scores indicating higher levels of depression, anxiety, or 
stress. In this study, only the stress subscale of the DASS-21 was employed 
at T1, with Cronbach’s α values of 0.91. To differentiate the stress levels, 
we  used the median score of the stress subscale as the cutoff point. 
Participants scored above the median were classified as the high-stress 
group, while those scored below the median were classified as the 
low-stress group.

2.3 Statistical analysis

Data were inputted and screened using IBM SPSS Statistics 26.0 (IBM 
Corporation, Armonk, NY, United  States). The analyses included a 
common method bias test, reliability analysis, descriptive statistics, 
correlation analysis, difference tests for demographic variables, and 
repeated measures variance analysis. To examine the bidirectional 
relationship between MPA and BP, we constructed a cross-lagged model 
using AMOS 24.0 (also by IBM Corporation). Model fit was evaluated 

using various indices in AMOS, such as the Comparative Fit Index (CFI), 
Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation 
(RMSEA), and Standardized Root Mean Square Residual (SRMR), along 
with their 90% confidence intervals. An acceptable model fit was 
determined by CFI and TLI values greater than or equal to 0.90, and 
RMSEA and SRMR values less than or equal to 0.08.

3 Results

3.1 Common method bias testing

Given that the data in this study were derived from participant 
self-reports, common method bias might be present. To mitigate this, 
the anonymity and confidentiality of the questionnaire were 
emphasized during the survey administration among college students, 
and it was clarified that the data would be used solely for scientific 
research purposes. Additionally, Harman’s single-factor test was 
employed to assess common method bias (Podsakoff et al., 2003). The 
results indicated that, without rotation, six factors with eigenvalues 
greater than 1 were obtained for both the pre-test and post-test. The 
variance explained by the first factor was 31.47% for the pre-test and 
32.74% for the post-test, both of which were below the critical 
threshold of 40% (Podsakoff et al., 2003). Therefore, it was concluded 
that there was no significant common method bias in the current study.

TABLE 1 Demographic characteristics of the participants.

Variable N % Variable N %

Gender Average daily mobile phone use before sleep at T1

Male 276 19.4 < 10 min 21 1.5

Female 1,147 80.6 10–30 min 121 8.5

Only Child 30–60 min 416 29.2

Yes 531 37.3 60–120 min 487 34.2

No 892 62.7 > 120 min 378 26.6

Grade Average daily mobile phone use before sleep at T2

Freshman 810 59.6 < 10 min 19 1.3

Sophomore 597 42.0 10–30 min 75 5.3

Junior 16 1.1 30–60 min 355 24.9

Hometown 60–120 min 524 36.8

Urban 572 40.2 > 120 min 450 31.6

Rural 851 59.8 Activities before sleep at T2

Activities before sleep at T1 Making Calls 36 2.5

Making Calls 33 2.3 Watching Short Videos 179 12.6

Watching Short Videos 165 11.6 Watching TV 67 4.7

Watching TV 54 3.8 Listening to Music 123 8.6

Listening to Music 133 9.3 WeChat/QQ Chatting 274 19.3

WeChat/QQ Chatting 332 23.3 Reading E-books 121 8.5

Reading E-books 118 8.3 Online Shopping 60 4.2

Online Shopping 66 4.6 Browsing News 36 2.5

Browsing News 23 1.6 Online Learning 39 2.7

Online Learning 62 4.4 Playing Games 62 4.4

Playing Games 65 4.6
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3.2 Preliminary analyses

3.2.1 Developmental trends of MPA and BP in 
college students

For MPA, a significant main effect of time was found, F 
(1,1,421) = 4.018, p = 0.045, η2p = 0.003. Specifically, higher levels 
of addiction were observed at T2 (M = 54.10, SD = 11.06) 
compared to T1 (M = 53.46, SD = 10.76). The main effect of gender 
was not significant and the interaction between time and gender 
was also not significant. For BP, the main effect of time was 
significant, F (1,1,421) = 11.34, p = 0.001, η2p = 0.008, with higher 
levels of BP at T2 (M = 26.46, SD = 5.56) compared to T1 
(M = 25.93, SD = 5.72). The main effect of gender was also 
significant, F (1,1,421) = 3.966, p = 0.047, η2p = 0.003, but the 
interaction between time and gender was not significant. These 
results indicate that both MPA and BP showed significant changes 
over time, with BP also being influenced by gender. However, 
gender differences did not interact with the changes observed over 
time for either variable.

3.3 Correlation analyses

The correlation analysis showed (see Table 2) that there was a 
significant correlation between MPA and BP over time, indicating that 
MPA and BP among college students exhibited a certain stability from 
T1 to T2. In addition, there were significant simultaneous and 
sequential correlations between MPA and BP at T1 and T2. The above 
results showed that the synchronization correlation and stability of the 

variables were consistent, and the correlation conformed to the 
assumptions of the cross-lagged design.

3.4 Cross-lagged analysis of MPA and BP 
among college students

Cross-lagged analyses were conducted to examine the bidirectional 
relationship between BP and MPA among college students (χ2 = 388.157, 
df = 81, p < 0.001; CFI = 0.997, TLI = 0.986, RMSEA = 0.044, 
SRMR = 0.029; Figure 2). The results showed that the autoregressive paths 
of MPA (β = 0.408, SE = 0.027, p < 0.001) and BP (β = 0.363, SE = 0.027, 
p < 0.001) were significant; MPA at T1 significantly and positively 
predicted BP at T2 (β = 0.147, SE = 0.028, p < 0.001), i.e., the higher the 
degree of MPA among college students, the subsequent more pronounced 
BP; BP at T1 also significantly and positively predicted MPA at T2 
(β = 0.102, SE = 0.028, p < 0.001), i.e., the more severe BP behavior of 
college students, the higher the degree of MPA. To summarize, MPA was 
a predictor of BP, which was also a predictor of MPA over time (see 
Figure 2).

3.5 Group comparisons by stress level in 
cross-lagged models

The structural equation model was established to examine the cross-
lagged relationship between MPA and BP in college students with low and 
high stress levels at T1 (χ2 = 387.473, df = 82, p < 0.001; CFI = 0.977, 
TLI = 0.962, RMSEA = 0.042, SRMR = 0.037; see Figure 3).

TABLE 2 Analysis of the correlation between MPA and BP in college students.

Variable M ± SD 1 2 3 4

1.Mobile Addiction T1 53.46 ± 10.757 1

2.Mobile Addiction T2 54.10 ± 11.059 0.466***

3.BP T1 25.93 ± 5.719 0.571*** 0.335***

4.BP T2 26.46 ± 5.560 0.354*** 0.674*** 0.446***

5.Stress T1 11.77 ± 4.421 0.492*** 0.276*** 0.389*** 0.217***

***p < 0.001.

FIGURE 2

Cross-lagged path model between MPA and BP (total sample).
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As illustrated in Figure 3, for the T1 high-stress group, MPA did not 
significantly predict BP at T2 (β = 0.035, p = 0.405). However, BP at T1 in 
the high-stress group significantly predicted MPA at T2 (β = 0.172, 
p < 0.001).

Figure 4 shows that in the low-stress group, MPA at T1 significantly 
predicted BP at T2 (β = 0.198, p < 0.001), while BP at T1 did not 
significantly predict MPA at T2 (β = 0.034, p = 0.337). These findings 
suggest distinct cross-lagged relationships between MPA and BP in 
college students, with the high-stress group showing a significant reverse 
effect, and the low-stress group demonstrating a forward effect from 
MPA to BP.

3.6 Group comparisons by gender

A structural equation model was used to examine the cross-lagged 
relationship between MPA and BP in college students of different 
genders (χ2 = 390.088, df = 82, p < 0.001; CFI = 0.950, TLI = 0.903, 
RMSEA = 0.042, SRMR = 0.067). As shown in Figure  5, for male 
students, MPA at T1 significantly predicted BP at T2 (β = 0.208, 
p = 0.002), but BP at T1 did not significantly predict MPA at T2 
(β = 0.053, p = 0.422).

Figure  6 shows that in the females group, MPA at T1 
significantly predicted BP at T2 (β = 0.131, p < 0.001). 

Furthermore, BP at T1 also significantly predicted MPA at T2 
(β = 0.111, p < 0.001).

4 Discussion

This study uncovers a dynamic interplay between MPA and BP, 
revealing a bidirectional relationship moderated by stress levels and 
gender. Our findings indicate that under low-stress conditions, MPA 
predicts subsequent BP, whereas high-stress reverses this, with BP 
predicting MPA. Gender analysis further shows that while MPA 
predicts BP in both male and female students, BP’s prediction of MPA 
is significant only among female students. These findings offer fresh 
perspectives on stress mechanisms and provide a theoretical 
foundation for targeted interventions. They underscore the need for 
personalized strategies tailored to students of different genders and 
stress levels, promoting healthy development and overall well-being.

4.1 The bidirectional relationship between 
MPA and BP among college students

This study reveals a bidirectional reinforcement cycle between 
MPA and BP among Chinese college students, where each behavior 

FIGURE 3

Cross-lagged path model between MPA and BP (high stress group).

FIGURE 4

Cross-lagged path model between MPA and BP (low stress group).
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amplifies the other through interconnected affective, cognitive, 
and developmental mechanisms. Recent longitudinal evidence 
confirms our research, with Chen et  al. (2023) demonstrating 
cross-lagged effects between these behaviors mediated by self-
control deficits, suggesting self-regulation interventions as 
potential solutions. Cemei et  al. (2024) revealed stress levels 
moderate the bidirectional relationship, amplifying behavioral 
reinforcement. Correa-Iriarte et al. (2023) contextualized these 
interactions, showing BP escalation directly correlates with 
degraded sleep quality, creating a vicious cycle. However, our 
findings demonstrate reciprocal MPA-BP dynamics but extend 
these observations through theoretical integration. The I-PACE 
model (Brand et  al., 2016) clarifies how emerging adults’ 
developmental vulnerabilities (Schulenberg et al., 2004)—
including reduced parental oversight (Arnett, 2000), heightened 
impulsivity (Steinberg and Morris, 2001; Baumeister, 2002), and 
materialistic social norms (Twenge and Kasser, 2013)—interact 
with affective states like academic stress to impair executive 
functioning. This impairment manifests as attentional bias toward 
phone notifications (Vollmer et al., 2017) and failed self-regulation 
attempts (Kroese et al., 2016; Steel and Klingsieck, 2016), creating 
conditions where momentary stress relief through mobile phone 
use inadvertently delays bedtime. Behavioral Addiction Theory 

(Kuss and Griffiths, 2012) further enlightens, this cycle through its 
neurochemical lens: dopamine-driven reward loops from social 
interactions and entertainment (Correa-Iriarte et  al., 2023; 
Kundakovic and Rocks, 2022) reinforce compulsive mobile phone 
engagement, particularly during emotional distress (Elhai et al., 
2020). Concurrently, Self-Determination Theory (Ryan and Deci, 
2000) reveals how unmet psychological needs drive compensatory 
behaviors—students overusing mobile phones to fulfill autonomy 
and relatedness deficits ironically disrupt sleep routines, 
perpetuating BP. These theoretical perspectives collectively explain 
why transitional life stages heightens MPA-BP comorbidity, as 
students navigate conflicting desires for independence and social 
connection against academic pressures.

Based on the dynamic characteristics of the bidirectional 
relationship, intervention designs should focus on integrating self-
regulation training (e.g., executive function enhancement) and 
Cognitive Behavior Therapy (CBT)-oriented stress management 
modules (Simón-Grábalos et  al., 2025; Nakao et  al., 2021). This 
approach must be  tightly coordinated with reforms to university 
curriculum systems—for instance, incorporating mindfulness training 
into freshman orientation programs and adding a “Digital Wellness 
Management” module to the mental health curriculum (Black et al., 
2015; Jafar et al., 2015).

FIGURE 5

Cross-lagged path model between MPA and BP among males.

FIGURE 6

Cross-lagged path model between MPA and BP among females.
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4.2 Group differences by perceived stress 
levels

Under different stress conditions, the cross-lagged relationship 
between MPA and BP among college students varies significantly. In 
high-stress environments, MPA at T1 does not significantly predict BP 
at T2. Among those with low stress levels, MPA at T1 significantly and 
positively predicts BP at T2.

As recent studies have shown that stress can lead to self-regulation 
failures and maladaptive coping strategies such as using mobile phones 
to relieve negative emotions (Kadzikowska-Wrzosek, 2020; Song and 
Park, 2019). Individuals under high stress are more tend to self-
regulation failures, which can manifest as BP behaviors (Kroese et al., 
2014). BP at T1 does not predict MPA at T2 in college students with 
low-stress levels because these students can effectively manage their 
bedtime routines and phone use, thus lightening the risk of developing 
MPA (Bernecker and Job, 2020). These students are better equipped to 
manage their phone use and maintain healthy sleep routines, which in 
turn reduces the likelihood of MPA.

The observed differences under varying stress conditions can 
be interpreted through two theoretical lenses: the Stress-Vulnerability 
Model (Kroese et al., 2014) and Self-Regulation Theory (Muraven and 
Baumeister, 2000). As suggested by Kroese et al. (2014), individuals 
under high stress are more prone to self-regulation failures, which can 
manifest as BP behaviors. College students experiencing high stress may 
encounter increasingly difficult events, leading to a decline in self-
regulatory ability and increased emotional arousal (Kadzikowska-
Wrzosek, 2020). In high-stress environments, this vulnerability 
dominates, leading individuals to engage in BP regardless of their 
baseline MPA levels. They use mobile phones or other devices as a coping 
mechanism to relieve negative emotions, thereby delaying bedtime (Song 
and Park, 2019). Furthermore, high stress can trigger rumination, 
involving fixating on negative content and worsening mood (Diamond, 
2013; Kadzikowska-Wrzosek, 2020; Ganor et  al., 2023). The 
overwhelming impact of stress and rumination might mask the direct 
influence of MPA on BP in high-stress scenarios. In addition, Muraven’s 
self-regulation theory suggests that individuals with lower stress levels 
consume fewer self-regulatory resources, allowing them to better inhibit 
BP and excessive phone use (Muraven and Baumeister, 2000). In 
low-stress environments, individuals are better able to exert control over 
their mobile phone use and bedtime routines. Under high stress, 
individuals may rely more on mobile phones for emotional regulation, 
seeking immediate pleasure and distraction (Csikszentmihalyi and 
Lefevre, 1989; Luo et al., 2017; Zhou et al., 2022). This reliance on mobile 
phones for emotional relief can lead to excessive use, reinforcing both 
MPA and BP.

Interestingly, the stress-vulnerability hypothesis (Bernecker and Job, 
2020) posits that in the absence of significant stressors, positive traits 
such as resilience and effective coping strategies help individuals resist 
negative emotions and behaviors. This may explain why BP at T1 does 
not predict MPA at T2 in college students with low stress levels. These 
students can effectively manage their bedtime routines and phone use, 
thus mitigating the risk of developing MPA.

To help college students manage stress and mitigate the effects on 
MPA and BP, universities should implement integrated strategies that 
include time management, study skills development, and the cultivation 
of supportive social networks (Chen et al., 2025). At the same time, it 
promotes the establishment of good interpersonal relationships, provides 
emotional support, and further reduces stress (Alborzkouh et al., 2015).

4.3 Group differences by gender

In this study, group differences by gender were found. For both 
sexes, MPA at T1 significantly predicted BP at T2. The difference is that 
T1 BP significantly predicted T2 MPA in female groups, but not in male 
groups. Recent studies have provided support for these mechanisms. For 
instance, Meng et al. (2024) found that female college students tend to 
exhibit higher levels of MPA and BP than their male counterparts, with 
perceived stress and coping strategies acting as mediators. Similarly, Cui 
et al. (2021) reported that female students were more likely to engage in 
MPA and BP as a way to cope with academic and social stressors. 
Furthermore, Chen and Zhu (2024) discovered that rumination partially 
mediates the relationship between MPA and BP, while gender moderates 
this relationship.

To gain a clearer understanding of this pattern, we can benefit from 
exploring the triad of biological, sociocultural, and psychological factors 
underlying gender differences. From a neuroendocrine perspective, 
women’s heightened sensitivity to estrogen/progesterone fluctuations 
(Altemus et al., 2014) amplifies emotional dysregulation (Kundakovic 
and Rocks, 2022), frequently triggering compensatory mobile phone use 
for mood modulation that inadvertently elevates combined risks of MPA 
and BP (Graves et al., 2021). Culturally, traditional gender expectations 
demanding constant social availability (Zhang et al., 2018; Zhang and 
Wang, 2023) reinforce nighttime mobile phone engagement patterns that 
systematically erode sleep opportunities, thereby perpetuating 
BP. Psychologically, women’s predominant reliance on emotion-focused 
coping strategies—particularly the ruminative processing of distress 
proposed in Response Styles Theory (Nolen-Hoeksema et al., 2008)—
creates dual vulnerability pathways: prolonged negative affect drives 
excessive reassurance-seeking through mobile phones (Elhai et al., 2020), 
while BP attempts to escape ruminative thoughts further disrupt 
circadian rhythms (Yang J. et  al., 2020). Men tend to use problem-
focused strategies, such as gaming, which lead to different ways of using 
technology. These differences reduce the positive effects seen in the 
interaction between MPA and BP, helping to explain the gender 
differences in these dynamics (Yang J. et al., 2020).

Thus, when designing interventions to reduce MPA and BP among 
college students, it is essential to consider gender differences. Campus 
interventions should adopt gender-differentiated approaches: for 
females, implement mindfulness training targeting emotional regulation 
and social norm reconstruction workshops to challenge connectivity 
expectations (Kang et al., 2018); for males, develop structured gaming 
alternatives with circadian-friendly schedules. Establish peer-led tech-
wellness groups and curriculum-embedded modules to enhance self-
regulation capacities, prioritizing concurrent MPA-BP intervention 
through stress-coping skill development (Ortega-Ruipérez and Correa-
Gorospe, 2024).

4.4 Implications and limitations

The longitudinal tracking design was adopted in this study, which 
broke through the limitation of cross-sectional study and deeply explored 
the dynamic relationship between MPA and BP of college students. By 
establishing a cross-lagged model, the applicability and invariance of 
different stress levels and gender groups were analyzed. The results show 
that there is a bidirectional predictive relationship between MPA and BP, 
and stress and gender play a moderating role in this relationship. This 
finding not only deepens our theoretical understanding of MPA and BP 
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but also provides a scientific basis for developing personalized 
intervention strategies. Based on the findings, universities should 
implement targeted interventions that take gender differences and stress 
levels into account to help students manage MPA and BP. For example, 
developing programs focused on emotional regulation and coping 
strategies for female students is crucial. Furthermore, universities should 
establish comprehensive wellness programs that integrate stress 
management, self-regulation training, and digital wellness education to 
help students effectively balance their academic and social lives. Creating 
supportive social networks is also essential; encouraging students to 
participate in peer-led groups focused on tech wellness can provide 
community support, reduce feelings of isolation, and promote 
healthier habits.

Although this study has achieved important results in theory and 
practice, there are still some limitations. First, the research sample is 
only from a university in Wenzhou, which lacks the representation of 
college students from different regions, which limits the 
generalization of the conclusion. Future studies should expand the 
sample scope to include college students from different geographical 
and cultural backgrounds to enhance the external validity of the 
study. Secondly, the sample size of this study is relatively small, 
especially the small number of juniors participating, which affects the 
representation of students in different grades. Future studies should 
increase the sample size of students at all grades to improve the 
generality of conclusions. In addition, this study did not include an 
intervention design, and future studies could be  combined with 
intervention studies to better evaluate the effect of reducing MPA on 
reducing BP. Through intervention research, research hypotheses can 
be verified more directly and scientific basis for practical intervention 
can be provided. Self-reported questionnaires were used in this study, 
and there may be measurement biases. Future studies should integrate 
objective indicators, such as cell phone usage records and sleep 
monitoring devices, to improve the validity and reliability of the 
study. Finally, although this study explored the moderating effect of 
different stress levels and gender, future studies should further 
distinguish more demographic variables and other influencing 
factors to explore the applicability and invariance of the cross-lagged 
model of MPA and BP in more groups. Through these improvements, 
future studies can more comprehensively and deeply understand the 
relationship between MPA and BP in college students and provide a 
solid scientific basis for the development of more effective 
intervention measures.

5 Conclusion

This study investigated the bidirectional relationship between MPA 
and BP among college students using a longitudinal design, uncovering 
the dynamic interplay between these two constructs. The results 
indicated that MPA and BP were mutually predictive, with stress levels 
and gender moderation of this relationship. Specifically, in the 
low-stress group, BP predicted subsequent MPA, whereas in the high-
stress group, MPA predicted subsequent BP. Additionally, gender 
analysis revealed that MPA significantly predicted BP in males, while 
a reciprocal relationship was observed in females. These findings not 
only enhance our understanding of the relationship between MPA and 
BP but also lay the groundwork for personalized intervention strategies. 
Future research should further validate these results and explore 

targeted interventions to mitigate the adverse impacts of MPA and BP 
on the mental and physical health of college students. Overall, this 
study offers a novel perspective for addressing MPA and BP among 
college students.
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