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Background: Social distancing and school suspension due to the coronavirus pandemic (COVID-19) may have a negative impact on children's behavior and well-being. Problematic smartphone use (PSU), problematic social media use (PSMU) and perceived weight stigma (PWS) are particularly important issues for children, yet we have a poor understanding of how these may have been affected by lockdowns and physical isolation resulting from COVID-19. This research aimed to understand how these psychosocial and behavioral variables may be associated with psychological distress, and how these associations may have changed during the COVID-19 pandemic.

Methods: A total of 489 children completed a three-wave longitudinal study from January 2020 to June 2020. The first wave was conducted before the COVID-19 outbreak. The second wave was conducted during the outbreak. The third wave was conducted during post-COVID-19 lockdown. Questionnaires measured psychological distress, PSU, PSMU, and PWS.

Results: PSU, PSMU, PWS and psychological distress were all significantly associated with each other. PSU was significantly higher during outbreak. PWS was significantly higher before outbreak. We found an increased association between PSMU and PWS across three waves in all three models. The association between PSU and depression/anxiety decreased across three waves; however, association between PSMU and depression/anxiety increased across three waves.

Conclusions: COVID-19 initiated school suspension and associated lockdowns appear to have exacerbated PSU and depression among children. However, PWS was reduced during this period. Children should use smartphones and social media safely and cautiously, and be aware of the potential exposure to weight stigmatization.
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INTRODUCTION

The COVID-19 pandemic is one of the greatest global public health concerns in living memory (1). The impact of the disease and approaches to its management go beyond the mortality and morbidity statistics, with the significant psychosocial impacts increasing recognized (2). There is growing evidence that the COVID-19 pandemic and associated containment measures (e.g., physical distancing and population lockdowns) may be causing psychological distress (3–5). Preventive measures such as physical/social distancing and forced lockdowns may underpin, at least in part, the reported increases in psychological distress (6). The social isolation during COVID-19 may also be driving changes in people's use, or overuse, of digital technologies, resulting in greater problematic smartphone use (PSU) and problematic social media use (PSMU) (7, 8).

Complying with the components model of addiction (9), PSU and PSMU are defined as the loss of control in smartphone and social media use, and their usage would lead to emotional changes, and difficulties in interpersonal relationships and study (10, 11). Other theories on PSU and PSMU [e.g., Interaction of Person-Affect-Cognition-Execution (I-PACE) model (12) and cognitive-behavioral model (13)] have proposed to indicate that inhibitory control, impulsive decision-making, high level of self-stigma, and poor self-esteem are key factors for PSU and PSMU development (14). PSU and PSMU among children have been of concern to clinicians and policy makers because of their purported association with children's psychological health, although the model of compensatory internet use suggests a continuum for smartphone and social media use (i.e., from non-problematic to problematic) (15). Indeed, several studies have suggested that PSU and PSMU are associated with greater depression, anxiety, and stress (16–21). The social distancing and school suspensions due to COVID-19 could possibly lead to undesirable lifestyle changes. Furthermore, it has been identified that boredom, loneliness, introversion, and preference for online interaction are risk factors for PSU and PSMU (10, 22). As children are forced into social distancing and accordingly spend more time indoors at home, they may be more likely to engage in PSU and PSMU as a means of distraction and/or way of engaging with others (8). As a result, children may experience greater psychological distress due to increased PSU and PSMU. However, there is little research on the potential impact of the COVID-19 pandemic on children's PSU and PSMU and psychological distress.

Aside from direct impacts on children's digital and social media use, children with overweight and obesity who regularly encounter perceived weight stigma (PWS) from others and accompanying psychological distress may be differentially affected by social distancing due to COVID-19. PWS is the perceived devaluation and discrimination directed toward people who are overweight or perceived to be overweight (23, 24). Any interpersonal relationship and media could be potential sources of PWS (25). However, prior evidence also shows that PWS exists in many individuals without overweight (24), and the negative effects of PWS on health for those without overweight are also serious (24, 26). Therefore, it is important to assess PWS among individuals across the weight spectrum (27). Social distancing may reduce exposure to in-person stigmatizing situations, but it could also result in different forms of stigma through the increased use of social media platforms (28, 29). Thus, it is important to investigate whether the outbreak of COVID-19 outbreak may have exacerbated existing psychological and behavioral concerns in vulnerable populations such as children who experienced weight-related stigma and/or internalized weight stigma. Children with overweight or obesity are at elevated risk of experiencing weight-related stigma, which may result in greater psychological impairments such as depression and anxiety (25, 30).

Given recent research suggesting that people with weight stigma are vulnerable to external stressors (31), it is possible that the COVID-19 outbreak may worsen psychological well-being in children who experienced higher weight stigma. In addition, it has been identified that experience of weight-based teasing, and exposure to media containing weight stereotype (e.g., cartoons or videos) are common sources that contribute to weight stigma (25). Therefore, it is reasonable to postulate that PSU and PSMU may be risk factors in weight stigma. Internet and social media could be the sources of weight-based stereotypes and stigmatization (32, 33). Increased PSU and PSMU may result in elevated exposure to weight-based stigmatization, from peers on social media or from information released to the public, potentially increasing children's PWS.

In this study, we proposed a conceptual model to investigate the relationship between PSU, PSMU, PWS and psychological distress, using three waves of longitudinal data spanning the COVID-19 pandemic. The relationships between these variables would be affected by changes in the stages of the COVID-19 pandemic. School children may have been affected by the suspension of teaching and associated lockdowns during COVID-19, and during the resumption of teaching post-lockdown. We used longitudinal data to examine changes in, and relationships between the variables of interest using three waves: (1) before COVID-19 outbreak, (2) during COVID-19 outbreak, and (3) post-COVID-19 lockdown and school suspensions. Specifically, we hypothesized that (1) PSU and PSMU would be positively associated with PWS and three forms of psychological distress (anxiety, depression, and stress); (2) PWS would be positively associated with three forms of psychological distress; (3) PSU, PSMU and PWS would be increased during the COVID-19 outbreak.



MATERIALS AND METHODS


Participants and Procedure

This is a longitudinal study from January 2020 to June 2020. This study investigated psychological distress, weight stigma, and problematic internet-related behaviors among schoolchildren. Participants were recruited from three primary schools in Sichuan, China. Three waves of data collection were collected. Wave 1 was conducted before the COVID-19 outbreak, from January 1 to 9, 2020. Then the participants began to enter winter vacation and COVID-19 outbreak occurred during that time in mainland China. Wave 2 was conducted from March 1 to 9, 2020, during the outbreak of COVID-19. At that time, lockdown and online teaching were implemented, and thus children had experienced a lifestyle change in their society. The subsequent wave was conducted in June 2020 (i.e., Wave 3). As the COVID-19 was under control in that period, e.g., resumption of normal teaching in primary school, we define this is a post-lockdown period. Hence, this longitudinal study spanned three stages of the COVID-19 pandemic: (1) before outbreak, (2) during outbreak, and (3) post-lockdown. At Wave 1, 550 schoolchildren were approached and all agreed to participate in the first-wave study. At Wave 2, 543 of the 550 (response rate of 98.7%) agreed to participate in the second-wave study. At Wave 3, 489 of the 543 (response rate of 88.9%) agreed to participate in the third-wave study.

Participants were recruited with the assistance of the principals and teachers in three primary schools. Written informed consent was obtained from students and one of their parents. Paper survey was used for Wave 1. A set of questionnaires was distributed to students by teachers for completion in school. Due to the outbreak of COVID-19, we shifted the paper survey to online survey for Waves 2 and 3. The hyperlink to the questionnaires was sent to parents by the same teachers. As the format of survey changed, electronic informed consent was obtained on the first page of online survey. The questionnaires would appear after students selected “agree” on the first page.

There were three inclusion criteria: (1) children who were able to understand the questions, which were written in Mandarin; (2) they (or parents) had at least one smartphone with internet access and used it in the past month; and (3) they were in third to sixth grades. The only exclusion criterion for the present study was failure to participate in all three waves of surveys. At baseline, the participants' age range was between 9.80 and 13.68 years; weight range was between 24 and 85 kg; height range was between 105 and 165 cm; and body mass index (BMI) range was between 9.92 and 49.59 kg/m2. Moreover, we used BMI to define overweight with reference from 2005 mainland Chinese children at 85% percentile in BMI. Specifically, a boy was classified as having overweight when his BMI was higher than 17.0 (for 7–7.99 years), 17.7 (for 8–8.99 years), 18.4 (for 9–9.99 years), 19.4 (for 10–10.99 years), 20.1 (for 11–11.99 years), and 21.0 (for 12–12.99 years). A girl was classified as having overweight when her BMI was higher than 16.4 (for 7–7.99 years), 17.0 (for 8–8.99 years), 17.7 (for 9–9.99 years), 18.4 (for 10–10.99 years), 19.1 (for 11–11.99 years), and 20.0 (for 12–12.99 years) (34).



Measures
 
Smartphone Application-Based Addiction Scale

The SABAS measures the level of PSU (9, 35). There are six items rated on a 6-point Likert scale from 1 (strongly disagree) to 6 (strongly agree). An example item for the SABAS is “During the past week, conflicts have arisen between me and my family (or friends) because of my smartphone use.” A higher score indicates a higher level of PSU. The Chinese version of SABAS has demonstrated good psychometrics properties (11, 36, 37). The internal consistency (Cronbach's α) of the SABAS in present study was 0.83 before outbreak, 0.88 during outbreak, and 0.89 in post-lockdown.



Bergen Social Media Addiction Scale

The BSMAS measures the level of PSMU (9, 35). There are six items rated on a five-point Likert scale from 1 (very rarely) to 5 (very often). An example item for the BSMAS is “How often during the last week have you felt an urge to use social media more and more?” A higher score indicates a higher level of PSMU. The Chinese version of BSMAS has demonstrated good psychometrics properties (11, 36, 37). The internal consistency (Cronbach's α) of the BSMAS in present study was 0.78 before outbreak, 0.90 during outbreak, and 0.88 in post-lockdown.



Perceived Weight Stigma Scale

The PWSS measures the level of PWS (38). Ten dichotomous questions (0 = no and 1 = yes) describe interpersonal discriminatory situations in different settings. An example item for the PWSS is “People act as if you are inferior because of your weight.” A higher score indicates a higher level of PWS. The Chinese PWSS has demonstrated good psychometric properties (29). The internal consistency (Cronbach's α) of the PWSS in present study was 0.87 before outbreak, 0.84 during outbreak, and 0.80 in post-lockdown.



Depression, Anxiety, Stress Scale-21

The DASS-21 measures the level of psychological distress (39). There are 21 items rated on a four-point Likert scale (0 = never; 1 = sometimes; 2 = often; 3 = almost always). It consists of three subscales (seven items each): stress, anxiety, and depression. Example items are “I felt that I was using a lot of nervous energy” for stress; “I felt I was close to panic” for anxiety; “I found it difficult to work up the initiative to do things” for depression. A higher score indicates a higher level of psychological distress. In this study, cut-off scores for mild depression (score higher than 10), anxiety, (score higher than 8) and stress (score higher than 15) were used to define whether a student has depression, anxiety, and stress (40). The Chinese DASS-21 has demonstrated good psychometric properties (41). The internal consistency (Cronbach's α) of the DASS-21 in present study was 0.93 before outbreak, 0.91 during outbreak, and 0.93 in post-lockdown.




Data Analysis

The repeated measures analysis of variance (ANOVA) was used to examine the differences in PSU, PSMU, and PWS among the three waves (i.e., before outbreak, during outbreak, and post-lockdown). Chi-square test was used to examine the differences in the numbers of mild depression, stress, and anxiety (detailed information of the cutoffs for mild depression, stress, and anxiety described in Depression, Anxiety, Stress Scale-21) among the three waves. Pearson's correlation was used to examine the relationships between PSU, PSMU, PWS, depression, anxiety, and stress in each wave.

SEM with multiple group analysis was used to examine the fit of the three proposed models across three waves. The χ2 test and the following fit indices were used to determine the fitness of the models: comparative fit index (CFI), root mean square error of approximation (RMSEA), non-normed Fit Index (NNFI), and the standardized root mean square residual (SRMR). The models would be considered as acceptable if there is a non-significant χ2, CFI and NNFI > 0.9, RMSEA and SRMR < 0.08.

All the analyses were performed using IBM SPSS 24.0 (IBM Crop., Armonk, NY), except for SEMs, which was performed using LISREL 8.80 (Scientific Software International, Chicago, IL).




RESULTS

All the 489 participants provided valid data for statistical analyses and their demographic information is shown in Table 1. Participants' mean age was 11.6 years. Notably, the body mass index was significantly different across the three waves (18.84 before outbreak; 20.16 during outbreak; 19.54 in post-lockdown).


Table 1. Characteristics of participants (N = 489).

[image: Table 1]

The score on PSU, PSMU, PWS, and the number of participants who experienced depression, anxiety, and stress are shown in Table 2. PSU during the COVID-19 outbreak was significantly higher than the score before the outbreak, but not significantly different from post-lockdown. PSMU scores were significantly different across the three waves; however, post-hoc analysis indicated no significant difference between any pair. PWS before the outbreak was significantly higher than in the two subsequent waves. As for psychological distress, participants were more likely to experience depression during the outbreak compared to post-lockdown; more likely to experience anxiety before the outbreak compared to during the outbreak; and more likely to experience stress during the outbreak and post-lockdown compared to before the outbreak.


Table 2. Comparisons of problematic internet-related use, perceived weight stigma, fear of COVID-19, and psychological distress across time.

[image: Table 2]

Table 3 shows the correlation between variables. All the correlations were significant across the three epidemic situations. In all three waves, variables were positively correlated with each other, ranging from 0.32 to 0.82 before the outbreak, from 0.31 to 0.78 during the outbreak, and from 0.19 to 0.81 in post-lockdown.


Table 3. Correlation matrix between studies variables (N = 489).
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The depression model (Figure 1) had satisfactory model fit except for the χ2 (χ2[df ] = 68.718 [22]; p < 0.001), CFI = 0.987, NNFI = 0.962, RMSEA = 0.066, and SRMR = 0.042. For before the outbreak, all paths were significant. For the outbreak period, only the path between PSU and PWS was not significant. In post-lockdown, only the path between PSU and depression was not significant.


[image: Figure 1]
FIGURE 1. Structural equation modeling with multiple group analysis on the relationship among PSU, PSMU, PSW, and depression. *p < 0.05; **p < 0.01; ***p < 0.001; For each set of path coefficients, the first coefficient represents pre-COVID associations (Wave 1); the second coefficient represents associations during the COVID outbreak (Wave 2); the last coefficient represents post-COVID lockdown (Wave 3) associations; PSU, problematic smartphone use; PSMU, Problematic social media use; PWS, perceived weight stigma; CFI, Comparative fit index; NNFI, non-normed fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual.


The anxiety model (Figure 2) had satisfactory model fit except for the χ2 (χ2[df ] = 71.471 [22]; p < 0.001), CFI = 0.987, NNFI = 0.961, RMSEA = 0.068, and SRMR = 0.054. All paths were significant for before the outbreak as well as in post-lockdown. However, two paths were not significant during the outbreak, which are the path between PSU and PWS, and the path between PSU and anxiety.


[image: Figure 2]
FIGURE 2. Structural equation modeling with multiple group analysis on the relationship among PSU, PSMU, PSW, and anxiety. *p < 0.05; **p < 0.01; ***p < 0.001; For each set of path coefficients, the first coefficient represents pre-COVID associations (Wave 1); the second coefficient represents associations during the COVID outbreak (Wave 2); the last coefficient represents post-COVID lockdown (Wave 3) associations; PSU, problematic smartphone use; PSMU, Problematic social media use; PWS, perceived weight stigma; CFI, Comparative fit index; NNFI, non-normed fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual.


The stress model (Figure 3) also had satisfactory model fit except for the χ2 (χ2[df ] = 72.750 [22]; p < 0.001), CFI = 0.990, NNFI = 0.969, RMSEA = 0.069, and SRMR = 0.064. For the pre-outbreak period, only the path between PSMU and PWS was not significant. For the outbreak period, only the path between PSU and PWS was not significant. All paths were significant in post-lockdown.
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FIGURE 3. Structural equation modeling with multiple group analysis on the relationship among PSU, PSMU, PSW, and stress. *p < 0.05; **p < 0.01; ***p < 0.001; For each set of path coefficients, the first coefficient represents pre-COVID associations (Wave 1); the second coefficient represents associations during the COVID outbreak (Wave 2); the last coefficient represents post-COVID lockdown (Wave 3) associations; PSU, problematic smartphone use; PSMU, Problematic social media use; PWS, perceived weight stigma; CFI, Comparative fit index; NNFI, non-normed fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual.




DISCUSSION

We investigated the relationships between PSU, PSMU, PWS, and three forms of psychological distress (depression, anxiety, stress) across three waves with the use of SEM. All the models had satisfactory model fit. PSU and PSMU had significant effects on PWS and psychological distress. Additionally, PWS had a significant effect on psychological distress. Furthermore, we found that PSU was significantly higher during the COVID-19 outbreak, while the PWS was significantly higher before the COVID-19 outbreak. However, there was no significant difference in PSMU across the three waves.

The lower level of PWS during COVID-19 outbreak and post-lockdown may be explained by the diminished social interaction, and hence, fewer chances to be stigmatized. Mainly, children experienced weight-based teasing and bullying at school (42–44). Research showed that children who experienced weight-based teasing were likely to perform avoidance behaviors such as skipping school, suggesting that escaping social interaction could be a relief (44). It does not appear that other sources of stigma such as through social media made up for this reduced experience of stigma. As the face-to-face teaching was suspended during the COVID-19 outbreak, interactions among children were reduced to a minimum. The decreased social interaction may also explain the lower rates of anxiety during the COVID-19 outbreak, possibly due to less anxiety-provoking social interactions with peers, including lower weight stigma, and less academic-related anxiety while school was not meeting in person. However, depression and stress were still significantly higher during the outbreak than before the outbreak.

We found an increased association between PSMU and PWS across the three waves in all three models. Results are consistent with studies on social media and weight stigma, which indicated social media could be a source of stigmatization (32, 33). Thus, it is possible that children may have suffered from weight stigma without face-to-face interaction. Parents, teachers, and healthcare providers should be aware of the stigmatization from social media.

The association between perceived weight stigma and psychological distress concurs with the findings of other research on weight stigma (25, 29, 30, 45). A recent meta-analysis (30) found that perceived weight stigma was significantly associated with anxiety and depression in eight empirical studies. Similarly, perceived weight stigma was negatively associated with mental health in another recent meta-analysis (45). Furthermore, our results were consistent with research on young adults from the United States, which indicated that prior experience of weight stigma was a predictor of higher levels of stress (β = 0.15) and depressive symptoms (β = 0.15) during the COVID-19 pandemic (46). However, we found stronger associations between PWS and stress (β = 0.357–0.447), and PWS and depression (β = 0.317–0.519). Apart from the difference in measures, a possible explanation for the stronger associations is that children were possibly more vulnerable to weight stigma and its repercussions compared to young adults (47).

Moreover, PWS was reduced during the COVID-19 outbreak; however, the association between PWS and psychological distress seems to have been exacerbated. It may imply the lingering effects of stigma. For instance, research has indicated that self-esteem did not rebound after body mass reduced to normal range (48) and that weight stigma can linger even after weight loss is achieved (49). Although the PWS may have been reduced, the negative psychological consequences caused by PWS appear to be difficult to overcome.

On the other hand, our findings on the increased PSU during COVID-19 concurs with a German study, which indicated increased screen time among children during COVID-19 (50). Furthermore, we found positive associations between PSU/PSMU and psychological distress. However, their associations changed direction across the three waves. Specifically, the association between PSU and depression/anxiety decreased from before, during, to post-lockdown; however, association between PSMU and depression/anxiety increased from before, during, to post-lockdown. The diminished associations between PSU and depression/anxiety may be due to the recently designed mental health apps (51–53). Although we did not ask whether our participants used such apps, it could be possible that participants used apps to cope with their depression and anxiety. The exacerbated associations between PSMU and depression/anxiety may be due to the rumors and frightening news or information on COVID-19 in the social media (54, 55).

Results of the current study underscore the problematic nature of weight-based stigmatization and its psychological consequences in youth. Parents and teachers should remain attentive to children's interaction with peers. Communication between parents and teachers is vital to understanding children's interpersonal relationships and staying attuned to possible instances of stigmatization or bullying. Such vigilance will allow for timely education and intervention. Moreover, while school suspension and online teaching may be inevitable in the pandemic, it is necessary to monitor children smartphone and social media use. For instance, parents may formulate a timetable for children to balance study time and leisure time.

There were some limitations to this study. First, fear of the pandemic itself could be a source of psychological distress. Including anxiety about COVID-19 as a variable in future studies might provide better insight (3). Second, self-reported measures were used. The responses might not be accurate due to recall bias and social desirability bias. Lastly, we only recruited participants from Sichuan Province of mainland China; therefore, the representativeness of the present study's sample might not be generalizable to the entire mainland China.



CONCLUSION

The current longitudinal study investigated the relationships between PSU, PSMU, PWS, and psychological distress across three stages of the COVID-19 pandemic: before outbreak, during outbreak, and post-lockdown. Results suggested that PSU, PSMU, PWS were associated with depression, anxiety, and stress; PSU and PSMU were associated with PWS. Furthermore, PWS was reduced during school closures and lockdowns, however, its negative impact on psychological distress seems persistent. Moreover, social media is another important source of stigmatization that deserves further investigation. As PSU and PSMU were associated with PWS and psychological distress, parents and teachers are encouraged to educate children about using smartphones and social media safely and cautiously. In particular, families must be made aware of their psychological health consequences and the potential exposure to weight stigmatization.
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