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Background: Depression rates among adolescents have risen dramatically over the past decade. Therefore, preventing depression among adolescents is particularly important. Differences in lifestyle habits may play a role in depression.

Purpose: This study aimed to explore the influence of living habits on depression levels among rural middle school students in Northeast China and to provide a theoretical basis for developing interventions to reduce depression levels in middle school students.

Methods: A total of 296 middle school students aged 13–15 years from Benxi City, Northeast China completed the anthropometric measurements, Physical Activity Scale-3 (PARS-3), and the Self-Rating Depression Scale (SDS). Their average screen time in the most recent week, parents' education level, and monthly family income were collected through a questionnaire.

Results: Females had higher depression scores than males (41.0 ± 6.9 vs. 37.9 ± 8.0). Physical activity (β = −0.38, t = −7.06, P < 0.01), family income (β = −0.20, t = −4.07, P < 0.01), screen time (β = 0.16, t = 3.34, P < 0.01), age (β = 0.15, t = 3.16, P < 0.01), sex (β = −0.13, t = −2.74, P < 0.01), and sleep quality (β = −0.08, t = −1.87, P < 0.01) are important factors related to depression levels.

Conclusion: The preliminary analysis results showed that among middle school students in rural Northeast China, the depression level of females was significantly higher than that of males. Poor quality sleep, low levels of physical activity, low household income, and long screen time were positively associated with depression. Therefore, strengthening physical activity, improving sleep quality, and reducing screen time are of clinical relevance in preventing and reducing depression.
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1 Introduction

Currently, depression is the most common mental disorder worldwide (1). Between 1990 and 2018, there were 322 million cases of depression reported globally (2). It is estimated that depression will become the most burdensome disease worldwide by 2030 (3). A meta-analysis of 72 studies on the global prevalence of depression among adolescents showed that between 2010 and 2020, the prevalence of depressive symptoms among teenagers rose from 24 to 37% (4). Mental health problems are equally serious among Chinese adolescents. According to the results of China's 2022 National Depression Blue Book, children under the age of 18 years in China account for ~30.28% of the total number of people suffering from mental health problems, such as various emotional and behavioral disorders, and ~5.2% have obvious mental health problems. Depression is one of the most prevalent mental health disorders and can lead to anxiety, sleep disturbance, and other adverse outcomes. Patients with major depressive disorders may exhibit suicidal behaviors (5). Therefore, it is important to improve the depression conditions in adolescents, particularly as this is a period of rapid social, emotional, and cognitive development, as well as critical life transitions.

However, its pathogenesis remains unclear. For mild to moderate depression, there is no reliable evidence that any single treatment method has a prominent effect on improving depressive symptoms (6). Nevertheless, lifestyle habits play a crucial role in the emergence of depression (7, 8), and the importance of self-care behavior in preventing depression needs to be emphasized (9). Maintaining appropriate exercise and sufficient sleep are considered beneficial for improving and preventing depression.

Physical exercise has a positive impact on the prevention and treatment of depression (10). An exercise intervention study of 433 adolescents with depression showed that moderate- to high-intensity exercise had a significant therapeutic effect on adolescent depression and was significantly better than low-intensity exercise, in addition to the moderate and sustained positive effects of the exercise intervention on adolescent depression (11).

Sleep disturbance is also considered an important cause of depression in adolescents. Three quarters (76.5%) of the 28,135 teenagers did not get the necessary 8 h of sleep on a typical school night (12). The results of a cross-sectional study of the relationship between sleep duration and depression in rural areas of Northeast China showed that sleep duration was strongly associated with depression in a rural population in Liaoning Province. Inadequate sleep duration is a risk factor for depression. Therefore, optimizing sleep status may contribute to physical and mental health (13). Increasing use of electronic devices among students has been cited as a significant contributor to sleep disturbances and reduced average sleep duration. A study on the relationship between mobile phone addiction and the incidence of low and short sleep among 1,125 adolescent students in South Korea showed that the frequent use of mobile phones is a risk factor for sleep disorders in adolescents (14). Another study on the relationship between cell phone use and depressive symptoms, body aches and daytime sleepiness among secondary school students in Hong Kong showed that cell phone use was associated with a wide range of health problems, such as depression, sleep disorders, etc., and that secondary school students who had a higher demand for cell phones scored significantly higher in terms of depression severity and daytime sleepiness (15).

A study on the development and changes in depression during adolescence showed that middle and late adolescence (15–18 years old) is a critical period for susceptibility to depression because the incidence of depression is higher during this period (16). In a study of the impact of schooling on depressive symptoms in Chinese adolescents before the COVID-19 outbreak, it was found that the negative impact of schooling on the mental health of Chinese adolescents was even greater than that of the epidemic and home isolation, and that secondary school students were subjected to unprecedentedly high levels of pressure to advance to higher levels of schooling, which may have had a greater impact on the incidence of depression among secondary school students (17). In addition, in a study of 1,314 schoolchildren on the impact of poverty mediated by family social capital on children's anxiety and depression, it was shown that poverty had a significant direct impact on children's anxiety and depression (18).

This study aimed to investigate the status quo of depression levels of middle school students in rural areas of Northeast China, analyze the factors influencing their depression levels, explore the effects of lifestyle habits (physical activity, screen time, and sleep quality) on depression levels, and give a theoretical foundation for developing interventions to reduce the depression levels in middle school students.



2 Materials and methods


2.1 Participants

We have chosen the Rural Department of Mingshan District, Benxi City, Liaoning Province as the survey area. There are three middle schools in the local area, two of which have a total of <80 students and are no longer continuing to recruit new students. We selected the remaining middle school, which had the largest number of students among the three rural middle schools in the district. Schools in this area were suspended for ~1 month because of the COVID-19 pandemic in early 2020. No cluster epidemics occurred before September 2021, and the students attended classes normally. We held parent teacher meetings and required parents and children to sign informed consent forms and fill out survey questionnaires on site. In total, 318 students agreed to participate in the questionnaire survey, while parents provided guidance. Of the participants, 296 students (male: 158; female: 138) provided complete and valid data to be included in this study.



2.2 Physical activity score

The physical activity levels of rural children were investigated using the Physical Activity Scale-3 (PARS-3) (19). The scale consists of three questions examining the intensity, duration, and frequency of exercise. A five-level scoring method of 1–5 points was used for evaluation. The exercise intensity, time, and frequency were multiplied to determine the amount of exercise. Exercise volume ranged from 0 to 100 points, with higher scores indicating greater levels of exercise. Categories were defined as: light exercise: 0–19 points; moderate exercise: 20–42 points; and strenuous exercise: 43–100 points (19).



2.3 Screen time

Through a questionnaire, the students were asked to record their average screen time usage (min/day) in the most recent week. To estimate screen time, they were asked to separately report the time spent watching TV, using a computer, and playing video games.



2.4 Sleep quality score

We use the Pittsburgh Sleep Quality Index (PSQI) to evaluate the sleep status of students. The PSQI was compiled by Dr. Buysse, a psychiatrist at the University of Pittsburgh, in 1989 (20). This scale consists of seven components (sleep latency, duration, and disturbance, daytime dysfunction, habitual sleep efficiency, sleep medication, and overall sleep quality) and a total of 19 questions. The sum of the scores for the seven components is the PSQI score, and the higher the score, the worse the sleep quality (20).



2.5 Depression score

Depressive symptoms were assessed using the Self-Rating Depression Scale (SDS) (21), which is a self-reported measure of depression consisting of 20 items covering the emotional, psychological, and physical characteristics of depression. Each item is ranked from 1 to 4, with higher scores indicating greater levels of depressive symptoms, resulting in a total score of between 20 and 80. All participants were then divided into two groups: (1) a non-depressive symptom group (SDS < 40) and (2) a depressive symptom group (SDS ≥40) (21). Value cuts were established based on the SDS. The SDS has been developed and proven to be quantitatively suitable for the subjective perception of depression with good validity and reliability in China, with a Cronbach's alpha coefficient and a test-retest reliability of 0.862 and 0.820, respectively.



2.6 Parents' educational background and family monthly income

Parents' educational background and family monthly income were also surveyed through a questionnaire.



2.7 Statistical methods

A Chi square test was used to determine gender differences in the SDS. We used an independent sample t-test to verify physical activity score, sleep quality score, and gender differences in screen time. Multiple regression analysis was performed with the depression score as the dependent variable, with gender, age, family income, education level of parents, physical activity score, sleep quality score, and screen time as predictor variables. Variables were selected according to the stepwise increase and decrease method, and we used the likelihood ratio test method to calculate and set the threshold P-value as 0.20. P < 0.05 was considered statistically significant. We used JMP 20.0J for all statistical analyses and processing (SAS Institute Inc., Cary, NC).



2.8 Sample size estimation

The sample size for the study was determined using the G*Power calculator 3.1.9.7 (Franz Faul et al., Universität Kiel, Germany, http://www.gpower.hhu.de/). Considering an α = 0.05, 1-β = 0.90, the number of tested predictors = 3 (physical activity score, screen time, and sleep quality score), the number of covariates = 3 (family income, age, and sex), we calculated the sample size to be 33, 73, and 528, respectively if the effect size f2 equaled to 0.35 (large), 0.15 (medium) and 0.02 (small). Furtherly, a 20% dropout rate was assumed, and the total number was estimated as 42–660. The actual valid sample size was 298, which was much larger than the estimated size as large effect size f2.



2.9 Ethics approval and consent to participate

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. All study participants provided informed consent, agreeing to the required measurement and survey completion procedures. This study was approved by the ethics committee of the Gannan Medical University, China, No: 2021110.




3 Results

The characteristics of the study participants are listed in Table 1. The participants' average age was 12.0 years. Their parents' education level was mostly high school and family income was mostly 3,001–5,000 yuan.


TABLE 1 Characteristics of the study subjects.
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Table 2 shows the gender differences in lifestyle. Gender differences were found in exercise scores, but not in sleep time and screen time. In addition, we found that the proportion of females in the depression group is higher (Figure 1).


TABLE 2 Gender differences in lifestyle.
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FIGURE 1
 The percentage of boy and girls with SDS scores ≥40. *Chi square test, P < 0.05.


Table 3 shows the results of the multiple regression analysis of the factors affecting the SDS scores. The higher the R-squared score, the better the representativeness of the model. R-squared for the model in this study was 0.39, P < 0.01. The model in this study has a certain representativeness. According to the multiple linear regression equation standardized coefficient β, the intensity of the impact on SDS scores varies from high to low, as follows: physical activity (β = −0.38, t = −7.06, P < 0.01), family income (β = −0.20, t = −4.07, P < 0.01), screen time (β = 0.16, t = 3.34, P < 0.01), age (β = 0.15, t = 3.16, P < 0.01), sex (boy: 1; girl: 0; β = −0.13, t = −2.74, P < 0.01), and sleep quality (β = −0.08, t = −1.87, P < 0.01), and these were significant predictors of the SDS scores.


TABLE 3 Factors that contributed to depression level of children (n = 296).
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4 Discussion

The depression levels of middle school students were similar to those of college students. A study on college students in southern China showed that the average SDS scores of male and female college students were 44.9 and 46.8, respectively (22). College students need to adapt to the increased independence and academic pressure of college life, making them prone to depression and other mental health problems (23). In China, college students have more free time to use the Internet compared to middle school students, and thus are at a higher risk of being exposed to cyberbullying behavior which can lead to depression (24). In addition, several studies have shown that impending adulthood is a period of emotional complexity during which one develops career and social orientations, enters into adult relationships, and faces potentially high levels of stress due to familial, financial, and professional obligations (25, 26) as well as frequently experiencing emotional turmoil (27). Indeed, the college years coincide with this period, thus leading to a potentially higher prevalence of depression. The findings of this study revealed that male and female middle school pupils had depression levels of 37.9 and 41.0, respectively, which is close to that of college students. However, compared to college students, middle school students have lower mental maturity and a higher possibility of extreme behavior. Studies have shown that depression may affect 2%−8% of children and adolescents; ~40% of affected children will have recurrent episodes, one-third of affected children will attempt suicide, and 3%−4% of children will die of suicide (28). It is particularly important to improve the current high depression levels among middle school students as soon as possible.

Girls had higher levels of depression than boys (Figure 1). A survey on the prevalence of depressed mood in ~12,000 Norwegian adolescents showed that girls had higher levels of depression than boys, and this difference persisted throughout adolescence (29). A screening of depressive symptoms among 4,100 adolescents in Wuhan, China, showed that the prevalence of high depressive symptoms in girls and boys was 38.9 and 30.2%, respectively, with prevalence higher for girls than boys (30). In addition, the results of a new descriptive analysis on the depression status of adolescents in Huangshi City, China, show that the prevalence of depression has been on the rise since 2018, especially in 2021, and the prevalence is higher among females than males (31). Another study on the relationship between non-educational electronic screen time and depressive symptoms among 27,070 seventh-grade middle school students in China showed that girls had a higher prevalence of depression than boys (27.6 vs. 17.7%) (32). This study supports the findings of a previous study (Figure 1). Previous studies have emphasized that physiological and psychological differences between boys and girls are important reasons for the difference in depression levels. According to epidemiological research, women are more likely than men to experience mental illnesses including anxiety and post-traumatic stress disorder, which may be associated with variations in gonadal hormone levels during stressful situations and differences in gender-specific brain regions (33). At the same time, compared with boys, girls are more susceptible to tension, more emotional, and more likely to have negative emotions, resulting in higher levels of depression (34). In addition, boys are often allowed to have more social and outdoor time, while girls are often restricted from going out and socializing (35, 36). This may further exacerbate gender differences in depression levels.

The results of this study emphasize that exercise level may be an important reason for the emergence of gender differences in depression levels among middle school students. Compared with girls, boys scored higher at the sports level (Table 2). Research has shown that physical activity can help prevent the onset and relapse of mild to moderate depression (37). In another study of the relationship between physical activity and mental disorders in U.S. adults, researchers used data from the National Comorbidity Survey (n = 8,089) to compare the prevalence of mental disorders among those who participated in regular physical activity and those who did not. Using multivariate logistic regression analysis, the study showed that physical activity was associated with lower levels of depression, and those who were physically active had lower levels of depression than those who did not participate in a daily exercise program (38). This study supports the findings of previous studies, confirming that higher physical activity scores are associated with lower levels of depression among middle school students in rural Northeast China (Table 3). Regular recreational exercise of any intensity could prevent future depression, according to a study of 33,908 adults in the Exercise and Depression Prevention Study (39). Therefore, it is important to reduce depression levels in middle school students, especially girls, by increasing the physical activity level of young people.

The sleep quality scores of males and females in this area were 5.3 ± 2.1 and 5.4 ± 2.2. A PSQI score >5 indicates poor sleep quality in middle school students. Sleep quality has a significant impact on mental health. Studies have shown that mental illnesses such as depression are often associated with the development of sleep problems (40). The findings of this study demonstrated a relationship between poorer sleep quality and higher levels of depression, supporting the findings of previous studies (Table 3). Studies have shown that sleep disturbance is a stand-alone risk factor for teen suicide and substance use; it is connected to depression and other psychiatric illnesses and increases the risk of suicidal behavior in depressed patients. Therefore, treating sleep disturbance in early adolescence may lower the chance of these negative results (41, 42). Data from another survey on the relationship between sleep disorders and depression in 4,175 young people aged 11–17 years showed that depression raises the likelihood of sleep loss, which in turn raises the likelihood of depression (43). Therefore, to reduce depression, it is particularly important to improve sleep in adolescents.

The results showed that the longer the use of screen time by middle school students, the higher their level of depression (Table 2). Numerous studies have demonstrated that screen time exerts a detrimental effect on depression. A study of 1,380 Egyptian college students showed that prolonged smartphone use may lead to depression (44). Another survey of 688 Lebanese university students found that mobile phone addicts were more likely to experience depression (45). Notably, previous studies have emphasized that the impact of screen time on depression results from excessive screen time encroaching on and affecting the duration and quality of sleep (46). However, the results of this study showed that compared with sleep quality, screen time has a stronger effect on depression (Table 2); even under the condition of sufficient sleep time, longer screen time itself may lead to higher depression levels. Therefore, to prevent and reduce depression levels in adolescents, screen time should be reasonably controlled even under the condition of sufficient sleep.

Findings from a previous study suggested that family income positively impacts children's emotional wellbeing (47). A study of 12,210 middle- and high-school adolescent students showed that low family income is an important factor affecting depression (48). Our results were consistent with previous findings. According to the preliminary analysis, the higher the family income of rural middle school students in Northeast China, the lower their level of depression (Table 3), which supports previous research. Although income is one of the most commonly used indicators of an individual or household's financial status, the relationship between income and depression remains unclear. Low income was not linked to depression in Spain, according to a Collaborative Research on Aging in Europe (COURAGE) study carried out in Finland, Poland, and Spain (49). Perhaps low income is not a primary risk factor associated with depression for Spaniards (50). It is possible that sunshine (51) and diet (52) play a mitigating role. Therefore, when other socioeconomic factors (such as education level and employment status) and health status are controlled for, this link is greatly reduced or even becomes insignificant (53, 54). The 2018 China Health and Retirement Longitudinal Study (CHARLS), a cross-sectional study of 16,545 individuals, showed that a higher level of economic development largely contributes to the alleviation of depression (55). A study on cognitive vulnerability to depression among Canadian and Chinese adolescents showed that Chinese adolescents had higher levels of depressive symptoms than Canadian adolescents due to differences in culture and beliefs (56). A substantial amount of research has examined the connection between socioeconomic position and mental health. There are some studies that suggest that the level of depression may vary due to cultural differences, different economic levels (55, 57), but we did not find similar results. This may be related to the concentration of regions we have chosen and the small sample size.



5 Limitations

Our study participants came from a single school in Benxi City. Therefore, it is difficult to generalize these results to other cities in the northeast region. As this was a cross-sectional study, we were unable to determine a causal relationship between depression levels and lifestyle habits among middle school students.



6 Conclusions

Among rural middle-school students in northeastern China, depression levels were much higher in girls than in boys. High sleep quality and high physical activity levels were negatively associated with depression, while low household income and high screen time were positively associated with depression. Therefore, factors such as strengthening physical activity, improving sleep quality, and reducing screen time can greatly help prevent and reduce depression.
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