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Background and aims: Studies have shown that gaming disorder (GD) is associated with rumination and poor sleep quality. However, the reciprocal relationship between GD, rumination and sleep quality is unclear. Moreover, the differences between gender and between left-behind experiences in the aforementioned relationship remain unknown. Therefore, the present study examined gender differences and left-behind experiences in the relationship between GD, rumination, and sleep quality among a sample of Chinese university students during the late stage of COVID-19 pandemic using a network analysis approach.

Methods: A cross-sectional online survey of 1,872 Chinese university students was conducted comprising demographic information (age, gender, and left-behind experience), gaming experience, gaming frequency, Gaming Disorder Test (GDT), Short Version of Rumination Response Scale (RRS), and Pittsburgh Sleep Quality Index (PSQI).

Results: Among Chinese university students, the prevalence of (i) GD was 3.5% and (ii) sleep disturbance was 14%. GD had positive and weak connection with rumination and sleep quality in the domain-level relational network. The network structures and global strengths both showed no significant differences between gender and between left-behind experiences. The nodes gd3 (“continuation or escalation of gaming”) and gd4 (“gaming problems”) had the strongest edge in the network.

Conclusion: The results suggest reciprocal relationships between GD, rumination, and sleep quality. Gender and left-behind experiences did not influence the reciprocal relationship between GD, rumination, and sleep quality during the late stage of COVID-19 pandemic. Using network analysis, the findings provide novel insights that rumination and sleep quality may have interacted with GD among Chinese students during the late stage of COVID-19 pandemic. Reducing or eliminating negative rumination may decrease GD and improve sleep quality. Moreover, good sleep quality contributes to positive rumination which may decrease the risk of GD among Chinese university students.
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1. Introduction


1.1. Gaming disorder

Gaming disorder (GD) was recently included in the category “disorders due to addictive behaviors” in the 11th revision of the International Classification of Diseases (ICD-11), and comprises both online and offline variants (1). In China, the Disease Prevention and Control Bureau of China reported that most gaming addicts prefer online gaming, such as Massively Multiplayer Online Role-Playing Games (MMORPGs) and Multiplayer Online Battle Arena (MOBA) games (2). Therefore, GD in the present study refers to GD predominantly online [i.e., internet gaming disorder (IGD)]. GD may compromise real-life interpersonal relationships and academic performance, erode family harmony and impair psychological and physical health, resulting in such consequences as anxiety, depression, eye strain, and wrist pain (3, 4). As of December 2021 in China (where the present study was carried out), the number of online gamers was more than 553 million (53.6% of Chinese internet users), an increase of nearly 70 million compared to before the novel coronavirus disease-2019 (COVID-19) outbreak (483 million online gamers in December, 2018) (5, 6).

The COVID-19 pandemic has disrupted global daily life in lots of aspects, including the consumption of gaming (7). During the COVID-19 outbreak, many countries advised or ordered their citizens to stay at home to prevent the spread of the virus. Individuals confined to their home turned to online gaming and other online activities as a source of entertainment or leisure. Some scholars have indicated that gaming activities may have conferred lots of benefits during the COVID-19 pandemic, such as social communication and coping with negative emotion and stress (8). However, other research has suggested that videogame playing and GD has increased significantly among adolescents and emerging adults during the COVID-19 pandemic (9, 10).



1.2. Rumination

Nolen-Hoeksema, Wisco and Lyubomirsky (p. 400) defined rumination as “the process of thinking perseveratively about one’s feelings and problems rather than in terms of the specific content of thoughts” (11). Rumination is associated with maladaptive cognition including unreasonable attribution, hopelessness, excessive self-criticism, and pessimism (12–14). Watkins and Roberts proposed a H-EX-A-GO-N model explaining the onset and maintenance of rumination (15). Habit development (H) and the perception of goal discrepancies (GO) lead to trait and state rumination, respectively. Abstract processing (A) and negative biases (N) may influence rumination, while executive functioning deficits (EX) may also cause depressive rumination (15). In addition, rumination and fear of COVID-19 were found to mediate the association between intolerance of uncertainty and mental well-being (16). Co-rumination following COVID-19 was regarded as a form of psychological inflexibility, which was associated with internalizing symptoms (e.g., passive attention and repetitively discussing problems) (17). Rumination may also exacerbate and prolong psychological distress and disturb sleep maintenance (11). In addition, a survey found that female adolescents reported more rumination and depression than males (18).



1.3. Sleep quality

Sleep quality is closely linked to individuals’ health in many circumstances. Some scholars have indicated that the COVID-19 pandemic may have increased sleep problems and damaged the immune system function (19). Lockdown and self-quarantine during the COVID-19 pandemic have also changed sleep schedules and deteriorated sleep quality including postponing bedtime and waking time, reducing sleep at night time, and increasing napping during the day time (20). Insomnia induced by stressful events is a common body reaction, especially in the face of the COVID-19 pandemic. A meta-analysis from seven studies reported that the prevalence of sleep disturbance was 23% among Chinese higher education students during the COVID-19 pandemic (95% CI: 14%–32%) (21). A report indicated that sleep quality among university students during COVID-19 was worse than that prior to the pandemic (22). Moreover, depression, anxiety, and poor psychological resilience are associated with poor sleep quality.



1.4. Gender differences

There are significant gender differences in many mental disorders (e.g., anxiety disorders, depressive disorders, eating disorders, and GD) (23–26). In addition, females may experience more rumination than males (27). Lee, McEnany and Weekes reported gender differences in sleep patterns including more daytime sleepiness and large variations between weekday and weekend sleep schedules among young male adolescents compared to female adolescents (28).



1.5. Left-behind experiences

Left-behind experiences refer to individuals in childhood who have experienced the situation of being left behind in a rural region of China at least 6 months under the care of kin members, while their parents became migrant workers in urban areas (29, 30). Left-behind children have been found to be more vulnerable to GD compared to non-left-behind children due to lack of parental care and supervision (31). In addition, left-behind experiences may influence an individual’s mental health including Chinese university students (32, 33). In relation to some of the aforementioned variables, Yang and Liu reported that life events, self-esteem, and rumination were all associated with internalization problems among children with left-behind experiences (34). Moreover, children with left-behind experiences have been found to show more sleep problems and have been found to exhibit a higher prevalence of sleep problems (35).



1.6. The present study

To date, the relationship between gaming disorder, rumination, and sleep quality during the COVID-19 pandemic has not been investigated, especially utilizing network analysis. In addition, gender differences and left-behind experiences in relation to gaming disorder, rumination, and sleep quality among Chinese university students during the late stage of COVID-19 pandemic are also unclear. Therefore, gender differences and left-behind experiences between the aforementioned variables among Chinese university students during the late stage of the COVID-19 pandemic need to be examined.




2. Theoretical background

Based on the Conservation of Resources Theory (CRT) (36), individuals are motivated to retain, protect, and build all kinds of resources for surviving and maintaining well-being (37). The COVID-19 pandemic has changed some individuals’ behavioral style, and impacted on their psychological and physical health (38). As for university students, they could not go to university and needed to take online classes at home, which may have made them anxious and depressed due to lack of face-to-face communication. One study surveying 405 Chinese university students reported that 44% had depression symptoms, 42.2% felt anxiety, and 29.4% had experienced stress because of home quarantine during the COVID-19 pandemic (39). Another study reported that 7.3% of Chinese college students had comorbidity of depression and anxiety because of home quarantine during the COVID-19 pandemic (40). Tang et al. reported more severe alexithymia among home-quarantined Chinese university students with depression (n = 223) or PTSD (n = 73) compared to home-quarantined Chinese university students without depression (n = 2,262) or PTSD (n = 2,412) during the pandemic (41). Finally, in a study among 7,800 Chinese college students, Ye et al. indicated the COVID-19 pandemic outbreak might induce acute stress disorder (ASD) due to home quarantine in the epidemic regions and found that the relationship between COVID-19-related stressful experiences (e.g., home quarantine) and ASD were mediated by resilience, better coping strategies, and social support (42).

For protecting and rebuilding various essential resources involving psychological and social resources (e.g., reducing stress and negative emotion due to COVID-19 and increasing social connection through online gaming), some individuals experiencing resource loss may try to escape from stress or increase social communication through engaging in problematic behaviors, such as substance use and gaming (37).

In the Interaction of Person-Affect-Cognition-Execution (I-PACE) model (43), predisposing (within-person) variables involving genetics, early childhood experiences (e.g., being left-behind), coping style (e.g., rumination), psychopathology, needs, motivation, and values, which arouse individuals’ perception of external stimulus (online gaming) and demonstrate affective and cognitive responses, increasing gaming behaviors, and perhaps leading to GD in a minority of cases. In addition, based on the Responses Styles Theory (RST) (44), negative rumination as a cognitive bias and coping style may lead to gaming cue-reactivity and craving, further causing or exacerbating GD, while GD may also increase the experience of rumination.

Sleep quality is closely associated with physical, psychological, and social environmental factors, such as insomnia due to a medication or psychoactive substances, poor cognition and/or stress (e.g., rumination, PTSD and COVID-19) (45). For relieving and escaping negative emotion or satisfying social communication need during the COVID-19 pandemic, some adolescents and emerging adults engage in persistent or recurrent gaming behaviors, and ignore negative outcomes, such as poor academic performance and sleep disturbance, which may intensify individuals’ reflection (i.e., rumination). Individuals may lose motivation to study hard and be trapped in self-denial anxiety based on the Self-Regulation Executive Function theory (S-REF) (46), which may impact sleep quality and further increase GD.

The power control theory has postulated that sex-role socialization may contribute to (i) taking risks and higher impulsivity among males and (ii) aversion and better self-control among females (47, 48). Gender rooted in social and cultural factors rather than biological, social, political, economic, and cultural differences and may produce different health risks between genders (49). In terms of the theory of children’s psychological development, parent–child communication is one of the most important factors in promoting better child development (50). However, for better job opportunities and higher salaries, lots of rural parents in China have to work away from their family and are unable to take care of or supervise their children (i.e., left-behind children) due to lack of face-to-face communication. Consequently, left-behind children may experience poor school achievement, as well as greater physical and psychological health problems (51). Therefore, the gender and left-behind experiences were considered as the moderated variables to influence the interaction of the variables in the present study (i.e., GD, sleep, and rumination).

The network analysis approach has been applied widely in many fields of scientific research over the past 20 years. In the field of psychiatric research, network analysis has helped to explain mental disorders’ core symptoms, comorbidity issues, the interaction of symptomatic elements, and possible influencing factors (52). Using network analysis, Yuan et al. found that the core symptoms of GD included preoccupation, loss of control (53), and gaming irrespective of negative outcomes using the nine-item Internet Gaming Disorder Questionnaire (54). Collins et al. identified three components of rumination including brooding, reflective pondering, and difficulty trusting positive feelings using a network analysis approach (55). In addition, Marques and de Azevedo proposed the potentialities of network approach for sleep medicine, such as accounting for the psychological structure and relationship between sleep problems, and describing comorbidity conditions (56).

In the motivation-cognition-behavior model of Internet Gaming Disorder (IGD), rumination as a maladaptive cognition is a high-risk factor of IGD (57). Moreover, GD may increase rumination about gaming behaviors and result in a vicious cycle of GD (57). Some studies have reported that the severity of GD is associated with poor sleep quality and greater psychological distress among Hong Kong university students (58). GD may cause negative consequences including sleep disturbance, poor academic performance, and psychological distress (45). In addition, sleep problems may also cause or exacerbate various mental disorders including internet addiction and GD (59, 60). Rumination has been found to be positively associated with subjective sleep quality after controlling variables of negative mood (61). Zoccola, Dickerson, and Lam also indicated that rumination may predict longer sleep onset latency after individuals experience acute psychological stress (62). In addition, the inability to fall asleep after going to bed may trigger ruminative thought (63). Qiu et al. have indicated that online risky behavior including GD and social networking site addiction may impact on sleep quality through rumination and anxiety as mediators among Chinese university students (64). Based on the dysfunctional metacognitions concerning gaming (65), individuals with IGD often tend to ruminate (i.e., thinking out videogames) even when they are not gaming, which may increase sleep disturbance and lead to a vicious cycle (57).



3. Hypotheses

Most studies have indicated that males have higher prevalence of GD than females (26, 66, 67). Some scholars have also indicated gender differences in rumination with females being more likely than males to engage in rumination (27, 68). In addition, female students have been found going to bed and getting up earlier, having longer sleep latency, and poorer sleep quality than males (69). Based on the aforementioned literature, it was hypothesized that there would be gender differences in network structure and global strength of GD and rumination and sleep quality (H1).

Left-behind experiences are predictive of a greater risk of psychiatric morbidity for university students into early adulthood (70). Individuals with left-behind experiences are more likely to be at higher risk of behavioral addiction (e.g., GD and internet addiction) (31). Left-behind experiences are also associated with rumination and poor sleep quality, respectively (34, 35). Based on the aforementioned literature, it was hypothesized that the network structure and global strength of GD and rumination and sleep quality will be different between those with left-behind experiences and those without left-behind experiences (H2).



4. Methods


4.1. Participants and procedure

The present study was a cross-sectional survey investigation. Convenience sampling was utilized to collect data from eight universities in four provinces of China (i.e., Heilongjiang, Jiangxi, Liaoning, and Shannxi) from September, 2021 to December, 2021. Participants were recruited with the incentive of gaining course credits. The total of 2,322 participants (Heilongjiang 456, Jiangxi 883, Liaoning 637, and Shannxi 346) completed the online survey. The inclusion criterion for the participants was to have played videogames in the past year. In addition, 440 non-gamers were excluded along with 10 participants due to missing data. Therefore, the remaining sample was 1872 Chinese university students (males = 930, females = 942) ranging from 17 to 24 years (mean = 19 years; SD = 1.7). Participants were informed of the study purpose and completed the survey voluntarily. The whole survey took approximately 10 min for participants to complete.



4.2. Measures


4.2.1. Gaming experience, gaming frequency, and left-behind experience

Gaming experience was assessed with the question “How many years have you played videogames?,” and gaming frequency was assessed with the questions “How many days a week do you play videogames?,” and “How many hours do you play videogames on weekdays and weekends, respectively?.” Left-behind experiences was assessed by the question “Have you experienced the situation of being left behind in a rural region for at least 6 months, while your parent or parents became migrant workers in urban areas?” and answered either “Yes” or “No.”



4.2.2. Gaming disorder

The four-item Gaming Disorder Test (GDT) was used to assess the severity of GD, and has been shown to have very good reliability and validity among Chinese university students (71). Items are rated on a five-point scale (“never,” “rarely,” “sometimes,” “often,” or “very often”). Pontes et al. recommended that at least one of items should be answered 4 (“often”) or 5 (“very often”) to distinguish between potentially disordered and non-disordered gamers (71). In the present study, the Cronbach’s alpha and McDonald’s ω were 0.833 (CI: 0.821~0.845) and 0.838 (CI: 0.825~0.850).



4.2.3. Rumination

The 10-item short version of Rumination Response Scale (RRS) was used to assess the level of rumination and comprises two factors (i.e., brooding and reflection) (72). The RRS has been shown to have very good reliability and validity among Chinese university students (73). Every item is rated on a four-point scale from 1 (“never”) to 4 (“very often”), with higher scores indicating a higher level of rumination. In the present study, the Cronbach’s alpha and McDonald’s ω were 0.915 (CI: 0.909~0.920) and 0.916 (CI: 0.911~0.922).



4.2.4. Sleep quality

The 19-item Pittsburgh Sleep Quality Index (PSQI) (74) was used to assess sleep quality. The PQSI has been shown to have very good reliability and validity among Chinese populations (75, 76). The PSQI comprises seven factors including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, used sleep medication, and daytime dysfunction. The PSQI global score ranges from 0 to 21 and a score of more than 7 indicates higher sleep disturbance symptoms or poorer sleep quality (74, 75). In the present study, the Cronbach’s alpha and McDonald’s ω were 0.646 (CI: 0.623~0.668) and 0.685 (CI: 0.663~0.707).




4.3. Statistical analysis

JASP software (77) was utilized to conduct statistical descriptions including demographic data, gaming experience and frequency, and the prevalence rates of GD and sleep disturbance. Other statistics included t-tests (i.e., gender differences and left-behind experiences), Pearson/Bayesian correlation analysis between variables, reliability coefficients of all scales, and EBICglasso network analysis. Cohen’s d and Bayesian correlation may provide effect sizes of significant difference. RStudio 3.4.4 software including qgraph and bootnet packages were used to calculate bridge centrality (78), edge-weight accuracy, centrality stability, and to test for significant differences (79), while NetworkComparisonTest packages were used to conduct network comparisons (80).

The network model was estimated to show the characteristics of node and edge as the important study variables through the graphic least absolute shrinkage and selection operator (LASSO) method, which is based on the Extended Bayesian Information Criterion (i.e., EBICglasso). The centrality of nodes was calculated through betweenness, closeness, strength and expected influence (81, 82). Bridge centrality was calculated through betweenness, closeness, strength, expected influence (1-step), and expected influence (2-step) to identify bridge symptoms (78), which may display the bridge symptoms between mental health problems. Edge-weight accuracy, centrality stability and testing for significant differences of nodes and edges need to be examined for assessing the network accuracy (79). The non-parametric bootstrap (i.e., 1,000 samples) was utilized to calculate edge-weight accuracy and testing for significant differences of nodes and edges, while the case-dropping subset bootstrap (95% confidence intervals) was utilized to assess the stability of centrality indices (79). The correlation stability coefficient (CS-coefficient, at least ≥0.25) indicated the node centrality stability (79). The stronger connection of nodes was indicated by thicker edge. The network comparison test (NCT) was carried out for gender and different left-behind experiences.



4.4. Ethics

The study was approved by the first author’s university Ethics Committee (Ref: 20BY184). Informed consent was provided by all participants.




5. Results


5.1. Descriptive statistics and correlation analysis

For GD, 632 participants (33.8%, males = 251, females = 381) chose “never” on all items, 1,174 participants (62.7%, males = 636, females = 538) reported “rarely” or “sometimes” for one item, 39 participants (2.1%, males = 26, females = 13) reported one indicator of GD (i.e., “often” or “very often”), 14 participants (0.7%, males = 9, females = 5) reported two indicators of GD, three participants (0.2%, males = 2, females = 1) reported three indicators of GD, and 10 participants (0.5%, males = 6, females = 4) reported all four indicators of GD (Appendix S1). The prevalence of GD (i.e., at least one indicator on the GDT) was 3.5%. In addition, 1,610 participants (86.0%, males = 801, females = 809) had good sleep quality, while 262 (14.0%, males = 129, females = 133) reported poor sleep quality. The mean number of hours of playing videogames on weekdays and weekends were 2.02 h (SD = 2.31) and 2.71 h (SD = 2.46), respectively. Of all participants, 616 university students had left-behind experience and 1,256 had no left-behind experience. In addition, mean value of rumination was 19.86 out of 40 (SD = 6.01).

The participants’ characteristics and the bivariate correlation analysis are presented in Tables 1, and 2, respectively. There were significant differences in GD, gaming experience (number of years spent gaming) and gaming frequency (hours spent gaming daily, number of days a week spent gaming) between gender (all p-values < 0.001, Cohen’s d > 0.4). There were no significant differences in GD, rumination, and sleep quality in relation to left-behind experiences (all Cohen’s d < 0.2). GD was significantly and positively associated with rumination, PSQI total score, subjective sleep quality, sleep latency, sleep disturbance, and daytime dysfunction (all p-values < 0.01, log[BF10] > 3). The frequencies of the seven PSQI factors are shown in Appendix S2. Using sleep medication had the lowest frequency (0.2%), while daytime dysfunction had the highest frequency (9%).



TABLE 1 Sociodemographic characteristics.
[image: Table1]



TABLE 2 Correlation analysis of the study variables.
[image: Table2]



5.2. EBICglasso network analysis

The GD, rumination, and sleep quality networks are shown in Figure 1A (i.e., the domain-level including four items of GD, and the total rumination and PSQI scores) and Figure 1B (i.e., the item-levels including the four GD items, the 10 rumination items, and the seven PSQI factors). GD was connected with rumination and sleep quality. In the 1A network, the strongest edge identified was between node gd3 (“continuation or escalation of gaming”) and gd4 (“gaming problems”; r = 0.476; Appendix S3), and gd3 was the strongest central node (betweenness = 1.379, closeness = 1.327, strength = 1.128, expected influence = 1.128; Appendix S4). The edge-weight accuracy and centrality stability are shown in Figures 2A,B, respectively. Most of edge-weights with wide bootstrapped CIs (Figure 2A) indicated that the order of the edges should be interpreted carefully. The CS-coefficient indicated that the node strength performed better [CS(cor = 0.7) = 0.75; CS > 0.5]. The tests for significant differences are shown in Appendix S5. The edges gd3–gd4, gd1 (“impaired control”)-gd2 (“increasing priority”), and gd2–gd3 were significantly different from one another. All node strengths were significantly different from one another. In the 1B network, gd3 (“continuation or escalation of gaming”) and gd4 (“gaming problems”) had the strongest edge (r = 0.455). Moreover, sleep duration and habitual sleep efficiency (r = 0.436), and r3 (“Think ‘Why do I always react this way?’”) and r4 (“Go away by yourself and think about why you feel this way”; r = 0.424) also had stronger edges (Appendix S6). The node r3 had the highest strength and expected influence (Appendix S7). The CS-coefficient indicated that the node strength performed better [CS(cor = 0.7) = 0.75; CS > 0.5]. The edge-weight accuracy, centrality stability, and tests for significant differences are shown in Appendix S8. In addition, the nodes gd3 (“continuation or escalation of gaming”), gd4 (“gaming problems”), r10 (“go someplace alone to think about your feelings”), and DD (“daytime dysfunction”) were significant bridge symptoms among those with GD (Figure 3). Bridge centrality indices are shown in Appendix S9. The bridge expected influence was 0.595 (0.517~0.672) when the maximum drop proportions retained a correlation of 0.7 in at least 95% of the samples.

[image: Figure 1]

FIGURE 1
 EBICglasso model based on the domain-level (A) and the item-level (B) network analysis according to the relationships between GD, rumination and sleep quality among 1,872 participants. gd1~gd4, Gaming disorder; RE, r1~r10 = Rumination; PQSI, Sleep quality; SSQ, Subjective sleep quality; SL, Sleep latency; SD, Sleep duration; HSE, Habitual sleep efficiency; SDD, Sleep disturbance; USM, Used sleep medication; DD, Daytime dysfunction.


[image: Figure 2]

FIGURE 2
 Bootstrapped confidence intervals of estimated edge-weights (A) and Case-dropping bootstrap procedure for node strength (B).


[image: Figure 3]

FIGURE 3
 The item-level Network structure according to the relationships between GD, rumination and sleep quality among 1,872 participants. gd1~gd4, Gaming disorder; r1~r10 = Rumination; SSQ, Subjective sleep quality; SL, Sleep latency; SD, Sleep duration; HSE, Habitual sleep efficiency; SDD, Sleep disturbance; USM, Used sleep medication; DD, Daytime dysfunction. Nodes identified as bridge symptoms are colored in blue.




5.3. Network analysis for gender and left-behind experiences

EBICglasso models based on the domain and item level network analysis between variables for gender and different left-behind experiences are shown in Appendix S10. In the domain-level network, the strongest edges identified were between node gd3 and gd4 among males (r = 0.454) and among females (r = 0.498; Appendix S11), and gd3 was the strongest central node (for males 1.355 and females 1.078; Appendices S12, S13). In the item-level network, r3 was the strongest node among males (2.566), while gd4 as the strongest node among females (1.40; Appendices S14, S15). In addition, for different left-behind experiences, nodes gd3 and gd4 both had the highest edge weight (for non-left-behind experience 0.492 and left-behind experience 0.424) in the domain-level network. Nodes gd3 and gd2 were the strongest central node among non-left-behind experience (1.166) and left-behind experience (1.010), respectively. Moreover, nodes r3 and used sleep medication (USM) were the strongest nodes among non-left-behind experiences (1.739) and left-behind experiences (3.596) in the item-level network, respectively (Appendices S16–S20).



5.4. Network comparison between gender

As for the NCT, the network structures and global strengths both had non-significant differences between gender at the domain-level (M = 0.085, p = 0.71; 2.09 vs. 1.99, p = 0.19) and the item-level (M = 0.140, p = 0.202; 8.47 vs. 7.88, p = 0.095), respectively.



5.5. Network comparison between different left-behind experiences

The network structures and global strengths also had non-significant differences between different left-behind experiences at the domain-level (M = 0.111, p = 0.38; 2.10 vs. 2.02, p = 0.351) and the item-level (M = 0.080, p = 0.998; 8.27 vs. 8.13, p = 0.777), respectively.




6. Discussion

In the present study, the prevalence of GD was 3.5% among Chinese university students based on Pontes et al.’s recommendation that at least one indicator of GD in the GDT was scored “often” or “very often” (to distinguish between disordered and non-disordered gamers) (71). This rate is similar to previous studies [3.3%, Kim et al. (83); 3.05%, Stevens et al. (26)]. The below-average rate (5%) (2) may be due to lack of a more representative sample of young people (e.g., the present study did not include adolescents at middle schools and high schools, vocational schools, and school-leavers). The prevalence of sleep disturbance was 14.0% among Chinese university students during the late stage of COVID-19 pandemic, which was consistent with a previous study (13.93% [PSQI ≥8]) (84). Zhou et al. reported that the prevalence of sleep quality was 18.4% using the same instrument and evaluation criteria (i.e., PSQI >7/≥8) among frontline health professionals during the COVID-19 outbreak (85).

Some studies have indicated poorer sleep quality due to using different assessment tools or the same assessment tool with different cutoff criteria (e.g., PSQI ≥ 5) (86, 87). Most Chinese university students in the present study reported good sleep quality which may be due to when the survey took place. At that time of data collection, there were very few cases of COVID-19 in mainland China and most of those reported were imported cases (total 25 cases of which 20 were imported cases) (88). Therefore, students are likely to have exhibited less sleep disturbance during the late stage of the COVID-19 pandemic compared to earlier stages.

Males were found to be gaming more frequently and at higher risk of GD than females in the present study, and is consistent with the findings from recent meta-analytic studies (26, 66). Males often show internalization problems and adopt maladaptive coping strategies owing to social isolation, achievement, and competition (67, 89), which may increase the risk of GD by escaping negative emotions or satisfying psychological needs. In addition, there were no significant differences in GD, rumination and sleep quality between participants who had left-behind experiences and those who did not (all Cohen’s d < 0.2). A previous study found that relative deprivation among children with left-behind experiences may predict GD, and that the relationship between relative deprivation and GD was mediated through deviant peer affiliation (90). Therefore, the impact of left-behind experiences on the variables studied here need to be further examined.

Correlation analysis between GD, rumination and sleep quality was consistent with previous findings which reported online risky behavior (e.g., excessive gaming) was positively associated with rumination and sleep quality, and indirectly impacted on sleep quality through the mediation of rumination and anxiety (64).

In the present study, the gd3 node (“continuation or escalation of gaming”) and gd4 node (“gaming problems”) had the strongest edge, which indicated that gd3 and gd4 may be considered as the core symptoms of GD diagnosis for psychologists and clinical psychiatrists. In addition, the gd3 node was positively connected with sleep quality, especially subjective sleep quality (SSQ) and daytime dysfunction (DD). The most plausible explanation is that problematic gamers spend so much time playing videogames that they sleep much less and experience poor sleep quality. In addition, r3 (“Think ‘Why do I always react this way?’”) and daytime dysfunction (DD) were the most important nodes in rumination and sleep quality, respectively. The “used sleep medication” (USM) factor connected with GD and rumination in the item-level network. Of all participants, only 2.4% used sleep medication at least once or more a week. The USM factor has been found to have a weaker correlation with the total PSQI than other factors among Chinese individuals without insomnia (75, 76). Some studies have found that online risky behaviors and internet addiction are associated with sleep quality, but indirectly rather than directly influenced sleep quality through multiple mediation (e.g., rumination and anxiety as mediating factors) (64, 91). Therefore, further research examining the relationship between GD and sleep quality is needed.

In addition, gd4 was connected negatively with r6 (“Think about a recent situation, wishing it had gone better”) and positively with r9 (“Analyze your personality to try to understand why you are depressed”), which indicates the close relationship between rumination and functional impairments of GD. In addition, the nodes gd3 (“continuation or escalation of gaming”), gd4 (“gaming problems”), r10 (“go someplace alone to think about your feelings”), and DD (“daytime dysfunction”) were significant bridge symptoms among those with GD. This indicates the close association between GD, rumination, and sleep. Rumination accompanied by going someplace alone may increase daytime dysfunction, and lead to GD for a minority of gamers.

In the I-PACE model (43), rumination as a negative coping style (i.e., one of general predisposing variables) may lead to GD and sleep disturbance, while GD may increase positive rumination (e.g., getting gaming rewards and complete gaming tasks) and negative rumination (e.g., poor interpersonal relationship and academic performance), further increasing sleep disturbance. Sleep problems with day and night reversal may also increase rumination and exacerbate GD (60). Wood, Griffiths, and Parke reported that the negative aspects of time loss included loss sleep and a guilt feeling of “wasting time” (i.e., rumination) among videogame players, which also suggests an interaction between GD, rumination, and sleep quality (92). GD, rumination, and sleep quality appear to be connected using the network analysis approach in the present study and appear to display reciprocal interactions between the three variables, which was verified by the analyses of network accuracy and stability.

In the present study, no gender differences in the network structures and global strengths were found. Therefore, H1 was not supported. Gender differences in GD may be associated with gaming motives and preferences, such as females liking gaming for building intimacy and recreation with males liking gaming for competition and escaping negative emotion (93, 94). More specifically, males prefer Massively Multiplayer Online Role-Playing Games MMORPGs and Multiplayer Online Battle Arena (MOBA) games, while females prefer casual games (95, 96). In addition, females have been found to experience greater rumination than males (26), which is inconsistent with the findings of the present study. This may be due to the different sampled populations (i.e., the present study used purely university students whereas the findings reported by Johnson and Whisman are from a meta-analysis with many different sampled populations) (27). More generally, rumination has been found to significantly predict online gaming addiction among Chinese adolescents (97). Moreover, gender has been shown to moderate the relationship between rumination and problematic online gaming, especially for males (98). Some studies from Europe noted that reports of country-specific COVID-19 deaths decreased subjective sleep quality, which predicted greater rumination and somatic complaints (99). Therefore, a longitudinal study examining the relationship between GD, rumination, and sleep quality should be conducted, especially to examine if the COVID-19 pandemic has had a sustained and strong psychological and physical impact on university students.

The numbers of left-behind children and migrant workers are increasing with high-speed economic development in China. Left-behind children report more psychopathology and less pro-social behaviors than non-left-behind children (100), while university students with left-behind experiences also have more mental health problems, such as somatization, depression, and anxiety (33). Therefore, the influence of left-behind experiences to the interaction of the aforementioned variables was examined based on the theory of children’ psychological development. However, differences in left-behind experiences in network structures and global strengths were not found in the present study, and did not support H2. The results indicated a similar network relationship between different left-behind experiences during the late stage of COVID-19 pandemic. Liu and Wang indicated that university students who had left-behind experiences during primary school had more mental health problems than those who had left-behind experiences at middle school (101), while being left-behind by two migrant parents was worse for mental health problems than being left-behind by only one migrant parent. These studies indicated that more complex factors (e.g., time of being left behind and being a single parent) may influence the relationship between left-behind experience and mental health (e.g., negative emotion and coping style), which may increase or decrease GD.

As of 25 November 2021, 2464.33 million doses of COVID-19 vaccine had been administered in China (102). Moreover, the majority of citizens have now had a third COVID-19 vaccine in mainland China. In addition, the government took strict measures to control the spread of COVID-19 coming into China (e.g., cutting off international flights and introducing quarantine measures for individuals entering mainland China from abroad), which provided health protection for Chinese citizens to live in greater peace and contentment. Therefore, during the late stage of COVID-19 pandemic, nearly all Chinese university students had conventional offline classes without quarantine and self-isolation when they took part in the survey. Apart from traveling abroad, life has now gone back to normal in China.

Some limitations need to be considered in the present study. First, the cross-sectional design and convenience sampling (eight universities in four provinces) meant the sample was not representative of all Chinese students and causal relationships between variables could not be determined. Second, sleep quality was not examined using objective and sophisticated experimental equipment but relied on subjective self-report. Self-report more generally is subject to other methods biases. Third, gamers were only defined based on the question “Have you played video games in the past year?” (“Yes” or “No”), which did not take into account individual variations in the frequency of gaming which could have impacted on the findings. Fourth, very little information was collected regarding gaming habits. Therefore, the validity of the variables concerning gaming experience and gaming frequency are somewhat restricted. Fifth, the types of videogames played were not examined, which may have limited the correlational analysis that could be conducted with various study variables (e.g., gender). In addition, the gaming genre engaged in and characteristics of left-behind experiences need to be further analyzed, such as investigating the number of parents who migrated to work elsewhere (i.e., mother, father or both), students’ age when left-behind, and students’ personality and resilience, all of which may have influenced mental health of students with left-behind experiences, as well as impacting GD, rumination, and sleep quality. Therefore, representative and objective assessment, as well as a trajectory analysis needs to be included in future studies.



7. Conclusion

The results suggested that GD was significantly associated with rumination and sleep quality. There were no significant differences found between gender and left-behind experiences in relation to GD in the network structures and global strengths during the late stage of COVID-19 pandemic. The findings provide novel insights that rumination and sleep quality may have interacted with GD among Chinese students during the late stage of COVID-19 pandemic. Reducing or eliminating negative rumination may decrease GD and improve sleep quality. Moreover, good sleep quality contributes to positive rumination, which may then decrease the risk of GD among Chinese university students.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Gannan Medical university Ethics Committee (Ref: 20BY184). The patients/participants provided their written informed consent to participate in this study.



Author contributions

LLi and LLiu conceived and designed the study. LLi and ZN performed the experiments and wrote the first draft of the paper. LLi and MG analyzed and interpreted the data. SM and HZ contributed reagents/materials/analysis tools. MG edited and contributed to the revised paper. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by China Scholarship Council Project 202008360125, Jiangxi University Humanities and Social Science Research Project XL20104, The Science Education Program Project “Thirteenth Five-Year Plan” of Jiangxi Province 2020GX184, Key project of Gannan Medical University ZD201838, and Research and Innovation Team of Gannan Medical University TD2021RW01.



Acknowledgments

We would like to express our gratitude to Shuli Xu and Chunying Chang for their assistance in this study.



Conflict of interest

MDG has received research funding from Norsk Tipping (the gambling operator owned by the Norwegian government). MDG has received funding for a number of research projects in the area of gambling education for young people, social responsibility in gambling and gambling treatment from Gamble Aware (formerly the Responsibility in Gambling Trust), a charitable body which funds its research program based on donations from the gambling industry. MDG undertakes consultancy for various gambling companies in the area of player protection and social responsibility in gambling.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1108016/full#supplementary-material



References

 1. World Health Organization
. 6C51 Gaming disorder. ICD-11 for mortality and morbidity statistics. (2019a). Available at: https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%2ficd%2fentity%2f1448597234 (Accessed 27 April 2022).


 2. Disease Prevention and Control Bureau of China
. Expert consensus on the prevention and treatment of gaming disorders in China released by the Chinese Society of Psychiatry, Chinese Society of Preventive Medicine, Chinese physicians association, Chinese mental health association and China drug abuse prevention and control association (in Chinese) 2019. (2019). Available at: http://www.nhc.gov.cn/jkj/s5889/201907/1844f291acff47efa0c6a565844be6fe.shtml (Accessed 16 April 2022).


 3. Chan,G
, Huo,Y
, Kelly,S
, Leung,J
, Tisdale,C
, and Gullo,M
. The impact of eSports and online video gaming on lifestyle behaviours in youth: a systematic review. Comput Hum Behav. (2022) 126:106974. doi: 10.1016/j.chb.2021.106974


 4. Hawi,NS
, Samaha,M
, and Griffiths,MD
. Internet gaming disorder in Lebanon: relationships with age, sleep habits, and academic achievement. J Behav Addict. (2018) 7:70–8. doi: 10.1556/2006.7.2018.16 

 5. China Internet Network Information Center
. The 45th statistical report on internet development in China. (2020). Available at: http://www.cnnic.cn/hlwfzyj/hlwxzbg/hlwtjbg/202004/P020210205505603631479.pdf (Accessed 24 March 2022).


 6. China Internet Network Information Center
. The 49th statistical report on internet development in China. (2022). Available at: http://www.cnnic.cn/hlwfzyj/hlwxzbg/hlwtjbg/202202/P020220318335949959545.pdf (Accessed 24 March 2022).


 7. Statista
. Coronavirus: Impact on the gaming industry worldwide. (2020). Available at: https://www.statista.com/study/72150/coronavirus-impact-on-the-video-game-industry-worldwide/ (Accessed 27 April 2022).


 8. King,DL
, Achab,S
, Higuchi,S
, Bowden-Jones,H
, Müller,KW
, Billieux,J , et al. Gaming disorder and the COVID-19 pandemic: treatment demand and service delivery challenges. J Behav Addict. (2022) 11:243–8. doi: 10.1556/2006.2022.00011 

 9. Ko,CH
, and Yen,JY
. Impact of COVID-19 on gaming disorder: monitoring and prevention. J Behav Addict. (2020) 9:187–9. doi: 10.1556/2006.2020.00040 

 10. Teng,Z
, Pontes,HM
, Nie,Q
, Griffiths,MD
, and Guo,C
. Depression and anxiety symptoms associated with internet gaming disorder before and during the COVID-19 pandemic: a longitudinal study. J Behav Addict. (2021) 10:169–80. doi: 10.1556/2006.2021.00016 

 11. Nolen-Hoeksema,S
, Wisco,BE
, and Lyubomirsky,S
. Rethinking rumination. Perspect Psychol Sci. (2008) 3:400–24. doi: 10.1111/j.1745-6924.2008.00088.x


 12. Flett,GL
, Madorsky,D
, Hewitt,PL
, and Heisel,MJ
. Perfectionism cognitions, rumination, and psychological distress. J Ration Emot Cogn Behav Ther. (2002) 20:33–47. doi: 10.1023/A:1015128904007


 13. Lam,D
, Smith,N
, Checkley,S
, Rijsdijk,F
, and Sham,P
. Effect of neuroticism, response style and information processing on depression severity in a clinically depressed sample. Psychol Med. (2003) 33:469–79. doi: 10.1017/S0033291702007304 

 14. Lyubomirsky,S
, Tucker,KL
, Caldwell,ND
, and Berg,K
. Why ruminators are poor problem solvers: clues from the phenomenology of dysphoric rumination. J Pers Soc Psychol. (1999) 77:1041–60. doi: 10.1037/0022-3514.77.5.1041 

 15. Watkins,ER
, and Roberts,H
. Reflecting on rumination: consequences, causes, mechanisms and treatment of rumination. Behav Res Ther. (2020) 127:103573. doi: 10.1016/j.brat.2020.103573 

 16. Satici,B
, Saricali,M
, Satici,SA
, and Griffiths,MD
. Intolerance of uncertainty and mental wellbeing: serial mediation by rumination and fear of COVID-19. Int J Ment Heal Addict. (2022) 20:2731–42. doi: 10.1007/s11469-020-00305-0 

 17. Starr,LR
, Huang,M
, and Scarpulla,E
. Does it help to talk about it? Co-rumination, internalizing symptoms, and committed action during the COVID-19 global pandemic. J Contextual Behav Sci. (2021) 21:187–95. doi: 10.1016/j.jcbs.2021.07.004


 18. Jose,PE
, and Brown,I
. When does the gender difference in rumination begin? Gender and age differences in the use of rumination by adolescents. J Youth Adolesc. (2008) 37:180–92. doi: 10.1007/s10964-006-9166-y


 19. Ono,BHVS
, and Souza,JC
. Sleep and immunity in times of COVID-19. Rev Assoc Med Bras. (2020) 66:143–7. doi: 10.1590/1806-9282.66.S2.143


 20. Gupta,R
, Grover,S
, Basu,A
, Krishnan,V
, Tripathi,A
, Subramanyam,A , et al. Changes in sleep pattern and sleep quality during COVID-19 lockdown. Indian J Psychiatry. (2020) 62:370–8. doi: 10.4103/psychiatry.IndianJPsychiatry_523_20 

 21. Deng,J
, Zhou,F
, Hou,W
, Silver,Z
, Wong,CY
, Chang,O , et al. The prevalence of depressive symptoms, anxiety symptoms and sleep disturbance in higher education students during the COVID-19 pandemic: a systematic review and meta-analysis. Psychiatry Res. (2021) 301:113863. doi: 10.1016/j.psychres.2021.113863 

 22. Huang,YL
, Meng,SQ
, Shi,L
, Bao,YP
, Que,JY
, and Lu,L
. Effects of the COVID-19 epidemic on sleep quality in college students. Chin Ment Health J. (2022) 36:354–60.


 23. Asher,M
, Asnaani,A
, and Aderka,IM
. Gender differences in social anxiety disorder: a review. Clin Psychol Rev. (2017) 56:1–12. doi: 10.1016/j.cpr.2017.05.004


 24. Piccinelli,M
, and Wilkinson,G
. Gender differences in depression: critical review. Br J Psychiatry. (2000) 177:486–92. doi: 10.1192/bjp.177.6.486


 25. Striegel-Moore,RH
, Rosselli,F
, Perrin,N
, DeBar,L
, Wilson,GT
, May,A , et al. Gender difference in the prevalence of eating disorder symptoms. Int J Eat Disord. (2009) 42:471–4. doi: 10.1002/eat.20625 

 26. Stevens,MW
, Dorstyn,D
, Delfabbro,PH
, and King,DL
. Global prevalence of gaming disorder: a systematic review and meta-analysis. Austral N Z J Psychiatry. (2021) 55:553–68. doi: 10.1177/0004867420962851 

 27. Johnson,DP
, and Whisman,MA
. Gender differences in rumination: a meta-analysis. Personal Individ Differ. (2013) 55:367–74. doi: 10.1177/0004867420962851 

 28. Lee,KA
, McEnany,G
, and Weekes,D
. Gender differences in sleep patterns for early adolescents. J Adolesc Health. (1999) 24:16–20. doi: 10.1016/s1054-139x(98)00074-3


 29. Long,J
, Liu,T
, Liu,Y
, Hao,W
, Maurage,P
, and Billieux,J
. Prevalence and correlates of problematic online gaming: a systematic review of the evidence published in Chinese. Curr Addict Rep. (2018) 5:359–71. doi: 10.1007/s40429-018-0219-6


 30. Shen,Q
, Lu,YW
, Hu,CY
, Deng,XM
, Gao,H
, Huang,XQ , et al. A preliminary study of the mental health of young migrant workers in Shenzhen. Psychiatry Clin Neurosci. (1998) 52:S370–3. doi: 10.1111/j.1440-1819.1998.tb03272.x 

 31. Wei,C
, and Luo,QH
. Stressful life events and internet gaming disorder among left-behind children: the moderating effect of self-esteem. Educ Measure Evaluat. (2017) 6:45–51. doi: 10.16518/j.cnki.emae.2017.06.007


 32. Han,L
, Zhao,SY
, Pan,XY
, and Liao,CJ
. The impact of students with left-behind experiences on childhood: the relationship between negative life events and depression among college students in China. Int J Soc Psychiatry. (2018) 64:56–62. doi: 10.1177/0020764017739332 

 33. Liu,H
, Zhou,Z
, Fan,X
, Wang,J
, Sun,H
, Shen,C , et al. The influence of left-behind experience on college students’ mental health: a cross-sectional comparative study. Int J Environ Res Public Health. (2020) 17:1511. doi: 10.3390/ijerph17051511 

 34. Yang,HQ
, and Liu,H
. Influence of life events, self-esteem and rumination on internalization emotional problems in rural left-behind children. Chin J Clin Psych. (2014) 22:1107–10. doi: 10.16128/j.cnki.1005-3611.2014.06.034


 35. Tang,W
, Dai,Q
, Wang,G
, Hu,T
, and Xu,W
. Impact of parental absence on insomnia and nightmares in Chinese left-behind adolescents: a structural equation modeling analysis. Child Youth Serv Rev. (2020) 114:105076. doi: 10.1016/j.childyouth.2020.105076


 36. Hobfoll,SE
. Conservation of resources. A new attempt at conceptualizing stress. Am Psychol. (1989) 44:513–24. doi: 10.1037/0003-066X.44.3.513


 37. She,R
, Wong,K
, Lin,J
, Leung,K
, Zhang,Y
, and Yang,X
. How COVID-19 stress related to schooling and online learning affects adolescent depression and internet gaming disorder: testing conservation of resources theory with sex difference. J Behav Addict. (2021) 10:953–66. doi: 10.1556/2006.2021.00069 

 38. Ogueji,IA
, Okoloba,MM
, and Demoko Ceccaldi,BM
. Coping strategies of individuals in the United Kingdom during the COVID-19 pandemic. Curr Psychol. (2022) 41:7493–9. doi: 10.1007/s12144-020-01318 

 39. Han,T
, Ma,WD
, Gong,H
, Hu,YC
, Zhang,Y
, and Wang,CX
. Investigation and analysis of negative emotion among university students during home quarantine of COVID-19. J Xi'an Jiaotong Univ. (2021) 42:132–6. doi: 10.7652/jdyxb202101025


 40. Wang,J
, Ding,Y
, Jiang,QX
, Liao,CX
, and Li,LL
. Anxiety and depression levels and coping strategies of college students in Anhui province under the COVID-19. Chin J Health Psychol. (2021) 29:266–71. doi: 10.13342/j.cnki.cjhp.2021.02.023


 41. Tang,W
, Hu,T
, Yang,L
, and Xu,J
. The role of alexithymia in the mental health problems of home-quarantined university students during the COVID-19 pandemic in China. Personal Individ Differ. (2020) 165:110131. doi: 10.1016/j.paid.2020.110131


 42. Ye,Z
, Yang,X
, Zeng,C
, Wang,Y
, Shen,Z
, Li,X , et al. Resilience, social support, and coping as mediators between COVID-19-related stressful experiences and acute stress disorder among college students in China. Appl Psychol Health Well Being. (2020) 12:1074–94. doi: 10.1111/aphw.12211 

 43. Brand,M
, Wegmann,E
, Stark,R
, Müller,A
, Wölfling,K
, Robbins,TW , et al. The interaction of person-affect-cognition-execution (I-PACE) model for addictive behaviors: update, generalization to addictive behaviors beyond internet-use disorders, and specification of the process character of addictive behaviors. Neurosci Biobehav Rev. (2019) 104:1–10. doi: 10.1016/j.neubiorev.2019.06.032 

 44. Nolen-Hoeksema,S
. Responses to depression and their effects on the duration of depressive episodes. J Abnorm Psychol. (1991) 100:569–82. doi: 10.1037//0021-843x.100.4.569 

 45. World Health Organization
. 07 Sleep-wake disorder. ICD-11 for mortality and morbidity statistics. (2019b). Available at: https://icd.who.int/browse11/l-m/en#/http%3a%2f%2fid.who.int%2ficd%2fentity%2f274880002 (Accessed 27 April 2022).


 46. Wells,A
, and Matthews,G
. Modelling cognition in emotional disorder: the S-REF model. Behav Res Ther. (1996) 34:881–8. doi: 10.1016/s0005-7967(96)00050-2 

 47. Barrault,S
, and Varescon,I
. Cognitive distortions, anxiety, and depression among regular and pathological gambling online poker players. Cyberpsychol Behav Soc Netw. (2013) 16:183–8. doi: 10.1089/cyber.2012.0150 

 48. Jo,YS
, Bhang,SY
, Choi,JS
, Lee,HK
, Lee,SY
, and Kweon,YS
. Clinical characteristics of diagnosis for internet gaming disorder: comparison of DSM-5 IGD and ICD-11 GD diagnosis. J Clin Med. (2019) 8:945. doi: 10.3390/jcm8070945 

 49. Kawachi,I
, Kennedy,BP
, Gupta,V
, and Prothrow-Stith,D
. Women's status and the health of women and men: a view from the states. Soc Sci Med. (1999) 48:21–32. doi: 10.1037/0003-066X.44.3.513


 50. Hahm,HC
, Lahiff,M
, and Guterman,NB
. Acculturation and parental attachment in Asian-American adolescents’ alcohol use. J Adolesc Health. (2003) 33:119–29. doi: 10.1016/S1054-139X(03)00058-2


 51. Wang,X
, Ling,L
, Su,H
, Cheng,J
, Jin,L
, and Sun,YH
. Self-concept of left-behind children in China: a systematic review of the literature. Child Care Health Dev. (2015) 41:346–55. doi: 10.1111/cch.12172 

 52. McMally,RJ
. Network analysis of psychopathology: controversies and challenges. Annu Rev Clin Psychol. (2021) 17:31–53. doi: 10.1146/annurev-clinpsy-081219-092850 

 53. Yuan,GF
, Shi,W
, Elhai,JD
, Montag,C
, Chang,K
, Jackson,T , et al. Gaming to cope: applying network analysis to understand the relationship between posttraumatic stress symptoms and internet gaming disorder symptoms among disaster-exposed Chinese young adults. Addict Behav. (2022) 124:107096. doi: 10.1016/j.addbeh.2021.107096 

 54. Petry,NM
, Rehbein,F
, Gentile,DA
, Lemmens,JS
, Rumpf,HJ
, Mößle,T , et al. An international consensus for assessing internet gaming disorder using the new DSM-5 approach. Addiction. (2014) 109:1399–406. doi: 10.1111/add.12457 

 55. Collins,AC
, Lass,AN
, Jordan,DG
, and Winer,ES
. Examining rumination, devaluation of positivity, and depressive symptoms via community-based network analysis. J Clin Psychol. (2021) 77:2228–44. doi: 10.1002/jclp.23158 

 56. Marques,DR
, and de Azevedo,MHP
. Potentialities of network analysis for sleep medicine. J Psychosom Res. (2018) 111:89–90. doi: 10.1016/j.jpsychores.2018.05.019


 57. Ji,Y
, Yin,MXC
, Zhang,AY
, and Wong,DFK
. Risk and protective factors of internet gaming disorder among Chinese people: a meta-analysis. Austral N Z J Psychiatry. (2022) 56:332–46. doi: 10.1177/00048674211025703 

 58. Wong,HY
, Mo,HY
, Potenza,MN
, Chan,MNM
, Lau,WM
, Chui,TK , et al. Relationships between severity of internet gaming disorder, severity of problematic social media use, sleep quality and psychological distress. Int J Environ Res Public Health. (2020) 17:1879. doi: 10.3390/ijerph17061879 

 59. Alimoradi,Z
, Lin,CY
, Broström,A
, Bülow,PH
, Bajalan,Z
, Griffiths,MD , et al. Internet addiction and sleep problems: a systematic review and meta-analysis. Sleep Med Rev. (2019) 47:51–61. doi: 10.1016/j.smrv.2019.06.004


 60. Zheng,H
, Wang,M
, Zheng,Y
, and Dong,GH
. How sleep disturbances affect internet gaming disorder: the mediating effect of hippocampal functional connectivity. J Affect Disord. (2022) 300:84–90. doi: 10.1016/j.jad.2021.12.085 

 61. Thomsen,DK
, Mehlsen,MY
, Christensen,S
, and Zachariae,R
. Rumination—relationship with negative mood and sleep quality. Personal Individ Differ. (2003) 34:1293–301. doi: 10.1016/j.jad.2021.12.085


 62. Zoccola,PM
, Dickerson,SS
, and Lam,S
. Rumination predicts longer sleep onset latency after an acute psychosocial stressor. Psychosom Med. (2009) 71:771–5. doi: 10.1097/PSY.0b013e3181ae58e8 

 63. Pillai,V
, and Drake,CL
. Sleep and repetitive thought: the role of rumination and worry in sleep disturbance. Sleep Affect. (2015):201–25. doi: 10.1016/B978-0-12-417188-6.00010-4


 64. Qiu,WF
, Ma,JP
, Xie,ZY
, Xie,XT
, Wang,CX
, and Ye,YD
. Online risky behavior and sleep quality among Chinese college students: the chain mediating role of rumination and anxiety. Curr Psychol Res Rev. (2022):1–11. doi: 10.1007/s12144-021-02641-3 

 65. King,DL
, and Delfabbro,PH
. The cognitive psychopathology of internet gaming disorder in adolescence. J Abnorm Child Psychol. (2016) 44:1635–45. doi: 10.1007/s10802-016-0135-y 

 66. Fam,JY
. Prevalence of internet gaming disorder in adolescents: a meta-analysis across three decades. Scand J Psychol. (2018) 59:524–31. doi: 10.1111/sjop.12459 

 67. Su,W
, Han,X
, Yu,H
, Wu,Y
, and Potenza,MN
. Do men become addicted to internet gaming and women to social media? A meta-analysis examining gender-related differences in specific internet addiction. Comput Hum Behav. (2020) 113:106480. doi: 10.1016/j.chb.2020.106480


 68. Nolen-Hoeksema,S
, and Jackson,B
. Mediators of the gender difference in rumination. Psychol Women Q. (2001) 25:37–47. doi: 10.1111/1471-6402.00005


 69. Tsai,LL
, and Li,SP
. Sleep patterns in college students: gender and grade differences. J Psychosom Res. (2004) 56:231–7. doi: 10.1016/S0022-3999(03)00507-5


 70. Li,X
, Coid,JW
, Tang,W
, Lv,Q
, Zhang,Y
, Yu,H , et al. Sustained effects of left-behind experience during childhood on mental health in Chinese university undergraduates. Eur Child Adolesc Psychiatry. (2021) 30:1949–57. doi: 10.1007/s00787-020-01666-6 

 71. Pontes,HM
, Schivinski,B
, Sindermann,C
, Li,M
, Becker,B
, Zhou,M , et al. Measurement and conceptualization of gaming disorder according to the World Health Organization framework: the development of the gaming disorder test. Int J Ment Heal Addict. (2021) 19:508–28. doi: 10.1007/s11469-019-00088-z


 72. Treynor,W
, Gonzalez,R
, and Nolen-Hoeksema,S
. Rumination reconsidered: a psychometric analysis. Cogn Ther Res. (2003) 27:247–59. doi: 10.1023/A:1023910315561


 73. Han,X
, and Yang,HF
. Chinese version of Nolen-Hoeksema rumination response scale (RRS) used in 912 college students: reliability and validity. Chin J Clin Psych. (2009) 17:550–1. doi: 10.16128/j.cnki.1005-3611.2009.05.028


 74. Buysse,DJ
, Reynolds,CF III, Monk,TH
, Berman,SR
, and Kupfer,DJ
. The Pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4 

 75. Liu,XC
, Tang,MQ
, Hu,L
, Wang,AZ
, and Wu,HX
. Reliability and validity of the Pittsburgh sleep quality index. Chin J Psychiatry. (1996) 29:103–7.


 76. Lu,TY
, Li,Y
, Xia,P
, Zhang,GQ
, and Wu,DR
. Analysis on reliability and validity of the Pittsburgh sleep quality index. Chongqing Med. (2014) 43:260–3. doi: 10.3969/j.issn.1671-8348.2014.03.002


 77. JASP Team
. JASP (version 0.14. 1) [computer software]. (2021).


 78. Jones,PJ
, Ma,R
, and McNally,RJ
. Bridge centrality: a network approach to understanding comorbidity. Multivar Behav Res. (2021) 56:353–67. doi: 10.1080/00273171.2019.1614898 

 79. Epskamp,S
, Borsboom,D
, and Fried,EI
. Estimating psychological networks and their accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195–212. doi: 10.3758/s13428-017-0862-1 

 80. van Borkulo,C.D. (2016). NetworkComparisonTest: Statistical comparison of two networks based on three invariance measures. Available at: https://cran.r-project.org/web/packages/NetworkComparisonTest/index.html (Accessed 8 April 2022).


 81. Epskamp,S
, Cramer,AO
, Waldorp,LJ
, Schmittmann,VD
, and Borsboom,D
. Qgraph: network visualizations of relationships in psychometric data. J Stat Softw. (2012) 48:1–18. doi: 10.18637/jss.v048.i04


 82. Robinaugh,DJ
, Millner,AJ
, and McNally,RJ
. Identifying highly influential nodes in the complicated grief network. J Abnorm Psychol. (2016) 125:747–57. doi: 10.1037/abn0000181 

 83. Kim,HS
, Son,G
, Roh,EB
, Ahn,WY
, Kim,J
, Shin,SH , et al. Prevalence of gaming disorder: a meta-analysis. Addict Behav. (2022) 126:107183. doi: 10.1016/j.addbeh.2021.107183 

 84. Liu,XC
, T,MQ
, Hu,L
, Wang,AZ
, Chen,K
, and Zhao,GF
. Sleep quality and its correlates in college students. Chin Ment Health J. (1995) 9:148–50.


 85. Zhou,Y
, Yang,Y
, Shi,T
, Song,Y
, Zhou,Y
, Zhang,Z , et al. Prevalence and demographic correlates of poor sleep quality among frontline health professionals in Liaoning Province, China during the COVID-19 outbreak. Front Psych. (2020) 11:520. doi: 10.3389/fpsyt.2020.00520 

 86. Almojali,AI
, Almalki,SA
, Alothman,AS
, Masuadi,EM
, and Alaqeel,MK
. The prevalence and association of stress with sleep quality among medical students. J Epidemiol Global Health. (2017) 7:169–74. doi: 10.1016/j.jegh.2017.04.005 

 87. Rao,WW
, Li,W
, Qi,H
, Hong,L
, Chen,C
, Li,CY , et al. Sleep quality in medical students: a comprehensive meta-analysis of observational studies. Sleep Breath. (2020) 24:1151–65. doi: 10.1007/s11325-020-02020-5 

 88. National Health Commission of the People’s Republic of China
. The latest COVID-19 situation as of 24 PM on 26 November. (2021a). Available at: http://www.nhc.gov.cn/xcs/yqtb/202111/322b05206c644e658990d821e504a4f3.shtml (Accessed 27 April 2022).


 89. Oliffe,JL
, Creighton,G
, Robertson,S
, Broom,A
, Jenkins,EK
, Ogrodniczuk,JS , et al. Injury, interiority, and isolation in men’s suicidality. Am J Mens Health. (2017) 11:888–99. doi: 10.1177/1557988316679576 

 90. Yang,B
, Cai,G
, Xiong,C
, and Huang,J
. Relative deprivation and game addiction in left-behind children: a moderated mediation. Front Psychol. (2021) 12:1751. doi: 10.3389/fpsyg.2021.639051 

 91. You,Z
, Mei,W
, Ye,N
, Zhang,L
, and Andrasik,F
. Mediating effects of rumination and bedtime procrastination on the relationship between internet addiction and poor sleep quality. J Behav Addict. (2021) 9:1002–10. doi: 10.1556/2006.2020.00104 

 92. Wood,RT
, Griffiths,MD
, and Parke,A
. Experiences of time loss among videogame players: an empirical study. Cyber Psychol Behav. (2007) 10:38–44. doi: 10.1089/cpb.2006.9994 

 93. Laconi,S
, Pirès,S
, and Chabrol,H
. Internet gaming disorder, motives, game genres and psychopathology. Comput Hum Behav. (2017) 75:652–9. doi: 10.1016/j.chb.2017.06.012


 94. Yee,N
. The psychology of MMORPGs: emotional investment, motivations, relationship formation, and problematic usage In: R Schroeder and A Axelsson, editors. Avatars at work and play: Collaboration and interaction in shared virtual environments. London: Springer-Verlag (2006). 187–207.


 95. Elliott,L
, Ream,G
, McGinsky,E
, and Dunlap,E
. The contribution of game genre and other use patterns to problem video game play among adult video gamers. Int J Ment Heal Addict. (2012) 10:948–69. doi: 10.1007/s11469-012-9391-4 

 96. King,DL
, Delfabbro,PH
, Perales,JC
, Deleuze,J
, Király,O
, Krossbakken,E , et al. Maladaptive player-game relationships in problematic gaming and gaming disorder: a systematic review. Clin Psychol Rev. (2019) 73:101777. doi: 10.1016/j.cpr.2019.101777 

 97. Li,H
, and Wang,S
. The role of cognitive distortion in online game addiction among Chinese adolescents. Child Youth Serv Rev. (2013) 35:1468–75. doi: 10.1016/j.childyouth.201305.021


 98. Kökönyei,G
, Kocsel,N
, Király,O
, Griffiths,MD
, Galambos,A
, Magi,A , et al. The role of cognitive emotion regulation strategies in problem gaming among adolescents: a nationally representative survey study. Front Psych. (2019) 10:273. doi: 10.3389/fpsyt.2019.00273 

 99. Simor,P
, Polner,B
, Báthori,N
, Sifuentes-Ortega,R
, Van Roy,A
, Albajara Sáenz,A , et al. Home confinement during the COVID-19: day-to-day associations of sleep quality with rumination, psychotic-like experiences, and somatic symptoms. Sleep. (2021) 44:1–15. doi: 10.1093/sleep/zsab029 

 100. Fan,F
, Su,L
, Gill,MK
, and Birmaher,B
. Emotional and behavioral problems of Chinese left-behind children: a preliminary study. Soc Psychiatry Psychiatr Epidemiol. (2010) 45:655–64. doi: 10.1007/s00127-009-0107-4 

 101. Liu,CB
, and Wang,ST
. The experience of left-behind and mental health of college students from second generation of floating peasants: based on the perspective of reform in floating population system. Youth Stud. (2014) 5:23–32.


 102. National Health Commission of the People’s Republic of China
. COVID-19 vaccination status as of 24 PM on 25 November. (2021b). Available at: http://www.nhc.gov.cn/jkj/s7915/202111/9004f22459a4479dbfa9e2523c7f864f.shtm (Accessed 27 April 2022).




OPS/images/fpsyt-14-1108016-t002.jpg
Rumination
log(BF,))
PsQl
log(BF,,)
$SQ
log(BF,,)
S
log(BF,))
D
log(BF,))
HSE
log(BF,,)
SDD
log(BF,))
UsM
log(BF,,)
DD
log(BF,,)

GD
0.192¢%
31687
0.235%%
49,613
0216
41052
0.147%%
16755
0.071%%
1200
0.021
—3014
0.170%%
23.849
0.072¢%
1282
0.207%%

37.306

025%*

56.529
01487
17.107
0.137%%
14097
01147
8732
0.037
-2257
0.209%%
38.280
0.071%*
1155
0.2447%

53.945

PSQl

07130
660.903
0.687%%
593.622
0457+
215.499
0413+
170725
0.629%*
467.038
0.251%*
57.047
0.715%*

663.008

$SQ

04827+
243.489
0.154%%
18974
0118+
9.490
0415+
172646
0.123%*
10609
0.433*

190590

0.101%+
6071
0.122%%
10380
0.389%*
149.761
0.145%*
16.195
0333%%

106537

SD

0.286**
76190
0121

10212
0.060**
—0.145
0.208**

37.708

HSE

0.054%
0773
0.046*

—1.598
0025

~2.966

SDD

0.105%*
6721
0.421%%

178982

UsM

0.099%*

5712

**p <001, *p <0.05. GD, Gaming disorder; PSQL,sleep quality; SSQ, Subjective sleep quality; SL, Slecp latency: SD, Sleep duration; HSE, Habitual sleep efficiency; SDD, Sleep disturbance;
USM, Used sleep medication; DD, Daytime dysfunction.





OPS/images/fpsyt-14-1108016-g003.jpg





OPS/images/fpsyt-14-1108016-t001.jpg
Gender Left-behind experience

Variables (n IT;;Z) Male Female Cohen’s d Yes No Cohen’s d
(n =930) (n =942) (n =616) (n =1,256)
Age (years) 19018 190418 190417 o011 0.991 5271e-4 19224179 18884172 3997 <0.001 0.197
Years spent gaming 550403 668106 14344365 12926 <0.001 0,607 5361388 5582410 1105 0269 0055
Gaming days per week 365239 4435229 2884223 14476 <0.001 0684 3724241 3624238 0.809 0418 0041
Weekday gaminghours | 2.02231 248+264 156184 8618 <0.001 0.406 2084227 199234 0777 0437 0039
Weekend gaming hours | 2714246 3482287 1954165 14236 <0001 0,658 2824232 2654252 1369 0171 0,067
Gaming disorders 645260 699278 593£228 9019 <0.001 0417 6732271 6324253 3201 0.001 0157
Rumination 19.86£6.08 20074625 1965591 1472 0141 0.068 20124617 19.73£6.03 1309 0191 0.064

Sleep quality 4705267 14558275 1842258 2405 0016 o1n 5025266 4542266 3619 <0001 0178





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gender differences and left-behind experiences in the relationship between gaming disorder, rumination and sleep quality among a sample of Chinese university students during the late stage of the COVID-19 pandemic



		1. Introduction



		1.1. Gaming disorder



		1.2. Rumination



		1.3. Sleep quality



		1.4. Gender differences



		1.5. Left-behind experiences



		1.6. The present study









		2. Theoretical background



		3. Hypotheses



		4. Methods



		4.1. Participants and procedure



		4.2. Measures



		4.2.1. Gaming experience, gaming frequency, and left-behind experience



		4.2.2. Gaming disorder



		4.2.3. Rumination



		4.2.4. Sleep quality









		4.3. Statistical analysis



		4.4. Ethics









		5. Results



		5.1. Descriptive statistics and correlation analysis



		5.2. EBICglasso network analysis



		5.3. Network analysis for gender and left-behind experiences



		5.4. Network comparison between gender



		5.5. Network comparison between different left-behind experiences









		6. Discussion



		7. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fpsyt-14-1108016-g001.jpg





OPS/images/fpsyt-14-1108016-g002.jpg
 Boosrmpmen o Sampie
o0
00 r} oz 3 Y]

Average correlation with original sample

05

00

<= betweenness

== closeness e~ strength

90%

80%

% 6% 5%
Sampled cases

40%

30%






OPS/images/cover.jpg
, frontiers | Frontiers in Psychiatry

Gender differences and
left-behind experiences in the
relationship between gaming
disorder, rumination and sleep

quality among a sample of
Chinese university students during
the late stage of the COVID-19
pandemic












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry






