

[image: image1]
Combined patterns of physical activity, screen-based sedentary behaviour, and sleep duration and their associations with depressive symptoms in Chinese adolescents









 


	
	
ORIGINAL RESEARCH
published: 18 November 2025
doi: 10.3389/fpubh.2025.1691683








[image: image2]

Combined patterns of physical activity, screen-based sedentary behaviour, and sleep duration and their associations with depressive symptoms in Chinese adolescents

Yi Lin1, Jin-Ying Huang2, Richard Rankin3, Stuart McDonald1, Dan-Jie Jiang4, Si-Xuan Li4, Wang-Wei Lou5, Yi Chen4* and Qing-Hai Gong4*


1Faculty of Humanities and Social Sciences, University of Nottingham Ningbo China, Ningbo, Zhejiang, China

2College of International Economics & Trade, Ningbo University of Finance & Economics, Ningbo, Zhejiang, China

3Faculty of Science and Engineering, University of Nottingham Ningbo China, Ningbo, Zhejiang, China

4Ningbo Municipal Center for Disease Control and Prevention, Ningbo, Zhejiang, China

5Ninghai County Center for Disease Control and Prevention, Ningbo, Zhejiang, China

Edited by
 Wulf Rössler, Charité University Medicine Berlin, Germany

Reviewed by
 Mahlagha Dehghan, Kerman University of Medical Sciences, Iran
 Shoukang Zou, Chengdu No.4 People’s Hospital, China
 

*Correspondence
 Yi Chen, 30279068@qq.com; Qing-Hai Gong, gongqinghai@163.com 

Received 24 August 2025
 Accepted 20 October 2025
 Published 18 November 2025

Citation
 Lin Y, Huang J-Y, Rankin R, McDonald S, Jiang D-J, Li S-X, Lou W-W, Chen Y and Gong Q-H (2025) Combined patterns of physical activity, screen-based sedentary behaviour, and sleep duration and their associations with depressive symptoms in Chinese adolescents. Front. Public Health 13:1691683. doi: 10.3389/fpubh.2025.1691683
 

Background: Depression is a growing public health burden and is one of the leading causes of disability and illness in adolescents. Lifestyle factors are associated with depressive symptoms (DSs) in adolescents. This study aimed to estimate the prevalence of DSs and investigate the independent and combined associations between DSs and moderate-to-vigorous physical activity (MVPA), screen-based sedentary time (ST), and sleep duration (SLD) among Chinese adolescents aged 11–19 years.

Methods: Repeated cross-sectional data were collected through questionnaires on health status and influencing factors for high school students in Ningbo, China, from a school-based study conducted from September to October in 2022 and in 2023. A multistage, stratified cluster sampling procedure was used to select target adolescents aged 11–19 years. DSs were assessed using the Centre for Epidemiological Studies Depression Scale. A multivariate analysis was used to assess the associations between independent lifestyle behaviours (MVPA, ST, and SLD) and the combined patterns of those lifestyle behaviours with DSs.

Results: The prevalence of DSs amongst the adolescents was 16.3%. Low MVPA, excessive ST, and short SLD were independently associated with a greater likelihood of DSs (all p < 0.001). The unhealthiest combined pattern of low MVPA, excessive ST, and short SLD was associated with the highest odds of DSs (OR:4.2, 95% CI:3.3, 5.2, p < 0.001). In addition, the other combined patterns of MVPA, sleep duration, and ST were significantly associated with an increase in DSs compared with the healthy combined patterns of high MVPA, appropriate ST, and sufficient SLD.

Conclusion: Our results indicate that MVPA, ST, and SLD were independently and in combination associated with an increase in DSs. Effective school-based health education programmes aimed at promoting healthy lifestyles are necessary to protect the mental health of Chinese adolescents. Future longitudinal studies are needed to confirm causality between the combined lifestyle patterns and DSs in Chinese adolescents.
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1 Introduction

Depression, as a depressive disorder, is one of the most challenging public health concerns in the world. It is considered a serious mental disorder that manifests as symptoms of low mood, loss of pleasure, and aversion to activity, resulting in low quality of life, disability, and a higher likelihood of premature death (1, 2). Adolescence, defined as a period ranging between 10 and 19 years of age, is a transitional stage of changes in hormone levels and body composition, and rapid physical, cognitive, and psychosocial development during the period of life between childhood and adulthood (3). The global prevalence of depression and elevated depressive symptoms (DSs) amongst adolescents increased from 24% between 2001 and 2010 to 37% between 2011 and 2020 (4), and this rate increased with age (5). A recent meta-analysis of observational studies involving 29,626 Chinese children and adolescents reported that approximately 19.9% of students had DSs, with estimates of 17.8%, 23.7%, 22.7%, and 14.5% in the eastern, central, western, and northeastern regions of China, respectively (6). The long-term effects of depression and DSs can persist far beyond adolescence and are associated with a higher risk of psychological and mental health problems in adulthood, such as self-harm and suicide (7, 8).

Adolescence is an important period for the development of healthy lifestyle behaviours associated with mental health (9). However, unhealthy lifestyle behaviours, including low levels of physical activity (PA), excessive sedentary behaviour (SB), and insufficient sleep duration (SLD), are considered ‘invisible’ risk behaviours that can cause psychological problems in children and adolescents (10, 11). Given the rapid development of economies and technology over the past five decades in China, the use of electronic devices has increased dramatically nationwide. Consequently, Chinese adolescents have followed global trends in low-quality lifestyles. According to previous Chinese studies, 77.3% of students aged 9–18 years engaged in less than 60 min of moderate-to-vigorous physical activity (MVPA), 85.8% of students aged 6–17 years engaged in screen-based sedentary time (ST) longer than 2 h/day, and 57.2% of students aged 8–16 years had insufficient SLD (12–14).

There is growing interest in the association between health and lifestyle behaviours. Evidence shows that lifestyle factors, including a higher frequency of PA, short ST, and sufficient SLD, can independently benefit psychological health in children and adolescents (10, 15, 16). A systematic review examining the associations between combinations of PA, SB, and SLD and mental health problems across 12 countries indicated favourable associations between meeting all three recommendations and better mental health indicators amongst children and adolescents (17). These combined lifestyle behaviours play an important role in the prevention of mental disorders. Therefore, it is necessary to conduct further studies to better understand the interactions between PA, SB, and SLD and their associations with DSs in adolescents.

An increasing number of studies have linked lifestyle behaviours to mental health. Most studies investigated PA, ST, and SLD separately (18–20). In addition, studies on the combination of PA, ST, and SLD and their relationship with DSs are still lacking in China, and the combined associations of these lifestyle behaviours with DSs remain unclear. Therefore, this study aimed to (1) estimate the prevalence of DSs in Chinese adolescents aged 11–19 years in Ningbo, Zhejiang Province, (2) examine the independent relationship between MVPA, ST, and SLD and DSs, and (3) investigate how combined lifestyle patterns associate with DSs.



2 Methods


2.1 Study design and study population

Two repeated school-based cross-sectional studies in Ningbo, Zhejiang Province, China, were conducted from September to October 2022 and from September to October 2023 by the Ningbo Center for Disease Control and Prevention (CDC). The overall educational level in Ningbo is relatively high, with abundant resources and balanced resource sharing. In general, approximately 940 and 1,227 students study at a junior high school and a senior high school, respectively. A multistage, stratified cluster sampling procedure was used to select the target samples, encompassing socio-economic status (SES), demographics, health, and psychological aspects. In stage 1, schools were randomly selected from 10 districts and counties. Two junior high schools, two senior high schools, and one academic and vocational high school were selected from each district, whilst two high schools and one academic and vocational high school were selected from each county. In stage 2, two classes per grade were randomly selected from each school. The questionnaires were administered on a class-by-class basis. At least 80 students were selected from each grade, and more than 240 students were selected from each school. The details of the study design have been previously reported (21).

A total of 23,829 high school students were contacted to participate in this study, of which 23,399 students participated in the repeated surveys, with a participation rate of 98.2% (Figure 1). Out of the 23,399 students, 1,956 students reported missing values for lifestyles, and 2,383 students’ information on anthropometry and lifestyles was invalid. Ultimately, 19,057 adolescents were included in this study.
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FIGURE 1
 Flowchart of study population participating in this school-based study in 2022 and 2023.


The inclusion criteria were as follows: (1) students aged 11–19 years, (2) their ability to understand the questions in the questionnaire and complete the questionnaire independently, and (3) written informed consent obtained from a parent or legal guardian of the student for the student’s participation. The exclusion criteria were as follows: (1) students who participated in the survey without providing consent and (2) students who were ill (e.g., high fever) or had injuries (e.g., a broken leg) that affect the health examination, which was based on standard quality control of health examination for secondary school students (WS/T10020-2024), proposed by National Health Commission of the People’s Republic of China and Ministry of Education of the People’s Republic of China in 2021 (22).

Ethical approval for this study was obtained by Ningbo CDC (No. 202201) and the University of Nottingham Ningbo China, and followed the Declaration of Helsinki. Written informed consent was obtained from the parents or legal guardians of the students. All information related to students has been kept confidential.



2.2 Data collection

Before students filled in the questionnaires on health status and influencing factors for high school students in Ningbo, well-experienced researchers from Ningbo CDC provided an introduction and instructions for the survey and emphasised confidentiality. All students independently completed self-administered, anonymous questionnaires in their classrooms under the supervision of the researchers. All submitted information was double-checked for quality control by the researchers. Missing or misreported information was requested during the survey.



2.3 Measurement


2.3.1 Assessment of depressive symptoms

The Chinese version of the Centre for Epidemiological Studies-Depression (CES-D) is a 20-item questionnaire that assesses the status of DSs for the past 7 days, which was previously validated and has been widely used on Chinese students with good reliability and validity (23–26). Students reported the frequency of each symptom that they have experienced during the past week. The CES-D has four response options with a score ranging from 0 to 3 for each item: 0—rarely or none of the time (<1 day), 1—some or little of the time (1–2 days), 2—moderately or much of all the time (3–4 days), and 3—most or almost all the time (5–7 days). The total score ranges from 0 to 60, with high scores indicating greater DSs (27) and a cutoff value of 16, identifying individuals with DSs (28).



2.3.2 Assessment of lifestyle behaviours

The level of PA was assessed using the question: ‘How many days were you able to do at least 60 min of MVPA over the past week?’. PA was categorised into two groups: (1) < 3 days/week as a low level of MVPA and (2) ≥ 3 days/week as a high level of MVPA.

ST was assessed using the question: ‘How long did you use electronic devices over the past week, including watching television, using computers, and playing video games?’. The time spent on ST amongst Chinese adolescents was recorded as: (1) < 3 h/day as appropriate screen-based sedentary behaviour (SSB) and (2) ≥ 3 h/day as excessive ST (18).

All students reported their average SLD every night for the past week. SLD was categorised based on recommendations proposed by the National Sleep Foundation (29). Due to the few cases of very short and long SLD, SLD was categorised into two groups: (1) short SLD and (2) sufficient SLD.



2.3.3 Covariates

During the survey, body weight and height were measured by experienced researchers and public health specialists. The BMI z-score was calculated to standardise the BMI values across sex and age groups (30). Body weight status was classified as underweight (UW), normal weight (NW), overweight (OW), and obesity (OB), using sex- and age-specific reference data from the WHO (31).

Students reported information on demographics [sex, age (≤12, 13–15, ≥16), school type (junior high school and senior high school/vocational high school), and residence area (urban, urban–rural junction, and rural areas)], family structure (single-parent, both-parent, grandparents, parents and grandparents, and others), whether they ever smoked (yes and no), and whether they ever consumed alcohol (yes and no).




2.4 Statistical analysis

In this study, we pooled two survey samples for the final analysis. Means with standard deviation (SD), and numbers with percentages are presented for continuous variables and categorical variables, respectively. Statistical differences in the percentages and mean values between non-DSs and DSs were tested using Pearson’s chi-square test (χ2) and Student’s t-test, respectively.

A sensitivity analysis was performed to validate the CES-D for Chinese adolescents. A Cronbach’s alpha above 0.85 indicates good internal reliability of the CES-D for Chinese adolescents (28). In this study, a Cronbach’s alpha of 0.91 confirmed that the CES-D questionnaire has high reliability among adolescents.

A binary logistic regression analysis was used to analyse the crude association between DSs and MVPA, ST, and SLD. A multivariate analysis was used to examine independent associations between MVPA, ST, and SLD and DSs after adjusting for demographics (sex, age groups, area of residence, family structure, and school type), smoking, alcohol consumption, health status or comorbidities (heart diseases, anaemia, hepatitis, disability, hypertension, diabetes, and allergic diseases), BMI, and the other two lifestyle behaviours.

The association between DSs and combined patterns of MVPA, ST, and SLD was investigated by the multivariate analysis via two models: (1) a crude model and (2) an adjusted model, adjusting for demographics, smoking, alcohol consumption, health status, or comorbidity and BMI. In these models, a healthy combined pattern of high MVPA, appropriate ST, and sufficient SLD was used as the reference group.

The results were considered statistically significant at a two-tailed level of 0.05. Statistical analysis was conducted using STATA statistical software package version 18 (2021).




3 Results

A total of 19,057 adolescents (52.1% boys) were included in the final analysis, of which 48.2 and 37.7% were aged 13–15 and ≥16 years, respectively; 46.8% were junior high school students; 69.9% lived in urban areas; and 59.8% were from both-parent families (Table 1). The percentages of demographics, lifestyle, body weight, and disease history (anaemia and allergic diseases) significantly differed between the non-DS and DS groups. Differences in the mean values of age, weight, and BMI were higher amongst adolescents with DSs than amongst those without DSs.


TABLE 1 General characteristics of adolescents.


	
	Total (n)
	Non-depressive symptoms (n = 15,953) n (%)
	Depressive symptoms (n = 3,104) n (%)
	Prevalence of depression symptoms (%)
	p*

 

 	Sex


 	Male 	9,937 (52.1) 	8,499 (53.3) 	1,438 (46.3) 	14.5 	<0.001


 	Female 	9,120 (47.9) 	7,454 (46.7) 	1,666 (53.7) 	18.3


 	Age


 	≤12 years 	2,697 (14.2) 	2,409 (15.1) 	288 (9.3) 	10.7 	<0.001


 	13–15 years 	9,184 (48.2) 	7,754 (48.6) 	1,430 (46.1) 	15.6


 	≥ 16 years 	7,176 (37.7) 	5,790 (36.3) 	1,386 (44.7) 	19.3


 	School type


 	Junior high 	8,920 (46.8) 	7,673 (48.1) 	1,247 (40.2) 	14.0 	<0.001


 	Senior high or academic and vocational high school 	10,137 (53.2) 	8,280 (51.9) 	1,857 (59.8) 	18.3


 	Family structure


 	Single-parent 	2,168 (11.4) 	1,741 (10.9) 	427 (13.8) 	19.7 	<0.001


 	Both-parent 	11,405 (59.8) 	9,626 (60.3) 	1,779 (57.3) 	15.6


 	Grandparents 	1,175 (6.2) 	940 (5.9) 	235 (7.6) 	20.0


 	Parents and grandparents 	4,127 (21.7) 	3,492 (21.9) 	635 (20.5) 	15.4


 	Others 	182 (0.96) 	154 (0.97) 	28 (0.90) 	15.4


 	Area of residence


 	Urban 	13,326 (69.9) 	10,884 (68.2) 	2,442 (78.7) 	18.3 	


 	Urban–rural junction/rural areas 	5,731 (30.1) 	5,069 (31.8) 	662 (21.3) 	11.6 	<0.001


 	Ever smoked in lifetime (Yes) 	462 (2.4) 	270 (1.7) 	192 (6.2) 	41.6 	<0.001


 	Ever drank alcohol in lifetime (Yes) 	2,213 (11.6) 	1,440 (9.0) 	773 (24.9) 	34.9 	<0.001


 	Body weight status


 	Underweight 	2,926 (15.4) 	2,459 (15.4) 	467 (15.0) 	16 	0.128


 	Normal weight 	11,144 (58.5) 	9,273 (58.1) 	1,871 (60.3) 	16.8


 	Overweight 	3,333 (17.5) 	2,815 (17.6) 	518 (16.7) 	15.5


 	Obesity 	1,654 (8.7) 	1,406 (8.8) 	248 (8.0) 	15


 	Disease history


 	Heart disease 	11 (0.06) 	9 (0.06) 	2 (0.06) 	18.2 	0.865


 	Anaemia 	119 (0.62) 	83 (0.52) 	36 (1.2) 	30.3 	<0.001


 	Hypertension 	10 (0.05) 	8 (0.05) 	2 (0.06) 	20 	0.751


 	Diabetes 	2 (0.01) 	1 (0.01) 	1 (0.03) 	50 	0.197


 	Allergic diseases 	81 (0.43) 	60 (0.38) 	21 (0.68) 	25.9 	0.019







	Mean (SD)

 

 	Age (years) 	15.0 (1.8) 	14.9 (1.8) 	15.3 (1.7) 	 	<0.001


 	Weight (kg) 	58.2 (14.0) 	58.1 (13.9) 	58.7 (14.3) 	 	0.032


 	Height (cm) 	165.2 (9.0) 	165.2 (9.0) 	165.3 (8.7) 	 	0.565


 	BMI 	21.1 (4.0) 	21.1 (4.0) 	21.3 (4.1) 	 	0.011





SD: standard deviation.

*Significant difference between non-depression and depression by categories and mean values was examined using Pearson’s chi-square test (χ2) and Student’s t-test, respectively.
 

DSs were prevalent in a total of 16.3% and were significantly more common in girls than in boys (Table 1). The prevalence of DSs increased significantly with age and was much higher amongst adolescents living in urban areas. Amongst adolescents, 41.6% of those who smoked and 34.9% of those who consumed alcohol had DSs.

Differences in the prevalence of DSs for the lifestyle factors of MVPA, ST, and SLD are shown in Table 2. The prevalence of DSs was significantly higher amongst adolescents with short SLD, excessive ST, and low MVPA.


TABLE 2 Prevalence of depressive symptoms stratified by moderate-to-vigorous physical activity, screen-based sedentary behaviour, and sleep duration.


	
	Total (n)
	Non-depressive symptoms (n = 15,953) n (%)
	Depressive symptoms (n = 3,104) n (%)
	Prevalence of depressive symptoms (%)
	p*

 

 	Moderate-to-vigorous physical activity


 	Low 	8,669 	7,100 (44.5) 	1,569 (50.5) 	18.1% 	<0.001


 	High 	10,388 	8,853 (55.5) 	1,535 (49.5) 	14.8%


 	Screen-based sedentary behaviour


 	Appropriate 	17,241 	14,632 (91.7) 	2,609 (84.1) 	15.1% 	<0.001


 	Excessive 	1,816 	1,321 (8.3) 	495 (15.9) 	27.3%


 	Sleep duration


 	Short 	12,150 	9,902 (62.1) 	2,248 (72.4) 	18.5% 	<0.001


 	Sufficient 	6,907 	6,051 (37.9) 	856 (27.6) 	12.4%





*Significant difference between non-depression and depression was examined using Pearson’s chi-square test (χ2).
 

In the unadjusted model, low MVPA, excessive ST, and short SLD were independently associated with high odds of developing DSs (Table 3). After controlling for demographics, smoking, alcohol consumption, health status, and BMI, low MVPA, excessive ST, and short SLD were independently associated with greater odds of DSs in the adjusted model (all p < 0.001).


TABLE 3 Independent associations of moderate-to-vigorous physical activity, screen-based sedentary behaviour, and sleep duration with adolescents’ depressive symptoms.


	Independent lifestyle behaviours
	Unadjusted modela
	Adjusted modela,b



	OR
	95% CI
	p
	OR
	95% CI
	p

 

 	Moderate-to-vigorous physical activity


 	High 	1 	 	1 	<0.001


 	Low 	1.3 	1.2,1.4 	<0.001 	1.3 	1.2,1.4


 	Screen-based sedentary behaviour


 	Appropriate 	1 	 	1 	


 	Excessive 	2.1 	1.9,2.4 	<0.001 	2.2 	1.9,2.4 	<0.001


 	Sleep duration


 	Sufficient 	1 	 	1 	<0.001


 	Short 	1.6 	1.5,1.8 	<0.001 	1.7 	1.5,1.8





OR, odds ratio; CI, confidence interval.

a Unadjusted model: crude model; adjusting demographics, smoking, alcohol consumption, health status, and BMI.

b Each independent lifestyle behaviour was adjusted for the other two lifestyle behaviours.
 

In the crude model, all combined patterns were associated with higher odds of DSs (Table 4). After controlling for demographics, smoking, alcohol consumption, health status or comorbidities, and BMI, all combined patterns remained significant in the adjusted model. The unhealthiest combined pattern of low level of MVPA, excessive ST, and short SLD was associated with high odds of DSs (OR:4.2, 95% CI:3.3, 5.2, p < 0.001), followed by the combination of high MVPA, excessive ST, and short SLD (OR:3.8, 95% CI:3.1, 4.8, p < 0.001), the combination of low MVPA, excessive ST, and sufficient SLD (OR:2.5, 95% CI:1.9, 3.2, p < 0.001), and the combination of high MVPA, excessive ST, and sufficient SLD (OR:2.4, 95% CI:1.8, 3.1, p < 0.001).


TABLE 4 Association between combined patterns of moderate-to-vigorous physical activity, screen-based sedentary time, sleep duration, and adolescents’ depressive symptoms.


	Combined patterns
	MVPA
	ST
	Sleep duration
	Unadjusted modela
	Adjusted modela



	OR
	95% CI
	p
	OR
	95% CI
	p

 

 	Group 1 	High 	Appropriate 	Sufficient 	1 	1


 	Group 2 	High 	Appropriate 	Short 	1.7 	1.5,1.9 	<0.001 	1.7 	1.4,1.9 	<0.001


 	Group 3 	High 	Excessive 	Sufficient 	2.5 	1.9,3.2 	<0.001 	2.4 	1.8,3.1 	<0.001


 	Group 4 	High 	Excessive 	Short 	3.8 	3.0,4.7 	<0.001 	3.8 	3.1,4.8 	<0.001


 	Group 5 	Low 	Appropriate 	Sufficient 	1.3 	1.1,1.5 	0.003 	1.3 	1.1,1.5 	0.006


 	Group 6 	Low 	Appropriate 	Short 	2.1 	1.9,2.4 	<0.001 	2.2 	1.9,2.4 	<0.001


 	Group 7 	Low 	Excessive 	Sufficient 	2.6 	2.0,3.4 	<0.001 	2.5 	1.9,3.2 	<0.001


 	Group 8 	Low 	Excessive 	Short 	4.2 	3.4,5.2 	<0.001 	4.2 	3.3,5.2 	<0.001





MVPA, moderate-to-vigorous physical activity; ST, screen-based sedentary time; OR, odds ratio; CI, confidence interval.

a Unadjusted model: crude model; adjusted model: adjusting for demographics, smoking and alcohol consumption, health status, and BMI.
 



4 Discussion

This is the first representative study to investigate the association between combined patterns of MVPA, ST, and SLD and DSs amongst Chinese adolescents aged 11–19 years. Our findings indicate that MVPA, ST, and SLD are independently associated with DSs, and that unhealthy combinations of these lifestyle factors increase the likelihood of DSs.

The overall prevalence of DSs in our study was slightly higher than that reported in our previous study in 2022 (15.3%), reflecting the current increase in the incidence of reported DSs in Ningbo, Zhejiang Province, China (10). The prevalence of DSs was lower than the estimated prevalence for adolescents in Zhejiang Province (22.4%) and at the national level in China (19.9%) (6, 32) and was far lower than that for adolescents from Hubei Province (34.0%) (33). This significant discrepancy in the prevalence of DSs may be attributable to regional factors, as Ningbo is amongst the most affluent cities in China (6). Compared to other countries, the prevalence of DSs in our study was lower than that reported amongst adolescents in the USA (20.1%) and South Korea (26.0%) (34, 35). Consistent with previous studies, the prevalence of DSs in our study was higher among girls than boys (20, 32, 34), suggesting that girls are more likely to experience DSs during adolescence. In addition, the prevalence of DSs increased with age, which is in line with previous findings (10, 32). This trend may be explained by greater academic pressure and the impact of social media on social adjustment in later adolescence.

Adolescents’ lifestyle behaviours are important modifiable health risk factors for the development of DSs, as this period is critical for cognitive and psychosocial growth (9). With rapid economic development, adolescents’ lifestyles have transitioned towards lower levels of PA, shorter SLD, and an increased use of electronic devices (12, 36, 37). In line with previous studies, our findings also revealed individual associations between DSs and PA, ST, and SLD (10, 15, 16).

Our results, consistent with those reported in previous studies, showed significant associations between combined patterns of lifestyle behaviours and DSs (38, 39). These findings indicate that the co-existence of several risk behaviours is associated with an increased risk of DSs (39). It has been suggested that the risk of developing DSs is approximately two times higher among individuals who have combined patterns of unhealthy lifestyle behaviours than amongst those who do not (40). A combination of low MVPA, excessive ST, and short SLD had the strongest effect on DSs amongst Chinese adolescents in our study. Given the limited available evidence on associations between different combined patterns of lifestyle behaviours and DSs, only one systematic review has indicated favourable associations between meeting all recommendations and better mental health indicators amongst children and adolescents from 12 countries (17), which supports our findings.

In our study, combined patterns of high or low MVPA, short or sufficient SLD, and excessive ST were associated with higher odds of DSs than a healthy combined pattern of these lifestyle behaviours. In our study, excessive ST had a greater effect on increasing DSs than either MVPA or SLD. The highest prevalence of DSs was observed in the subgroup of excessive ST (27.3%). This finding is consistent with previous studies focusing on mental illness among adolescents, which reported that adolescents with excessive ST were nearly twice as likely to suffer from DSs than those with appropriate ST (18, 37). Existing evidence on the association between ST and DSs in adolescents remains limited due to restrictive age ranges and fewer reports from longitudinal studies. One previous study reported that excessive ST was longitudinally associated with a higher risk of DSs at 1-year follow-up (41). Possible mechanisms include the arousal of the central nervous system, sleep disturbances, poor metabolic health, and reduced PA, all of which may contribute to DSs and other mental health disorders (42, 43).

The association between the combined pattern of high/low levels of MVPA, short/sufficient SLD, along with excessive SSB and DSs, suggested that the interaction between MVPA and SLD had a worse impact on the development of DSs. A school-based longitudinal survey found that the interaction between PA and SLD was a significant predictor of anxiety and DSs amongst Japanese adolescents (44). In addition, the combination of either sufficient SLD or adequate PA was reported to maintain good mental health amongst Japanese adolescents (44). A higher level of PA has been suggested to have beneficial effects on SLD, with a decrease in the occurrence of DSs (45). In our study, a low MVPA was associated with a greater likelihood of DSs than high MVPA was in adolescents. Similarly, engagement in no days of PA and a lack of participation in any PA were associated with greater odds of DSs than meeting the daily PA guidelines and engaging in daily PA behaviour (37). The levels of PA, considered an intermediary factor, were associated with increased cerebral blood flow, regulation of serum cortisol levels and metabolism, better neurotransmitter regulation, promotion of neuronal health, and optimisation of neurotrophins such as brain-derived neurotrophic factors (46), which may be related to the risk of DSs (47). In addition, PA may enhance social contact by improving the self-perception subdomains of sport competence, perceived strength, physical condition, physical attractiveness, and self-confidence (48).

Our results indicated that SLD may play a critical role in triggering the development of DSs and mental health problems amongst adolescents. In our study, short SLD was associated with an increased risk of DSs in adolescents, which is consistent with previous studies (21, 49). A cross-sectional study conducted on Japanese adolescents reported a reverse J-shaped relationship between SLD and the level of DSs (50). The possible causal mechanism for this association between SLD and DSs may be that short SLD in adolescents negatively affects neurotransmitter levels, which regulate mood and thoughts (51). In addition, a short SLD impairs cognitive function, resulting in psychological problems and mental wellbeing (52). Moreover, a short SLD could be associated with the activation of the hypothalamic–pituitary–adrenal and the sympathoadrenal–medullary axes, thus increasing the risk of mental health disorders (53).

This study used data sampled from a representative school-based study with a large sample size to investigate the association of the combined patterns of PA, ST, and SLD with DSs amongst Chinese adolescents. Although significant findings can provide evidence to fill a gap in the literature, this study still has several limitations. First, causality could not be inferred due to the observational study design. Second, self-reported information relied on potential recall and psychological biases, which may misreport or underestimate CES-D scores and PA levels, as well as the duration of ST and sleep. Therefore, it may affect the accuracy of the DS level and its association with combinations of MVPA, ST, and SLD. Furthermore, data on parents’ education and marriage were not collected. The lack of these factors was not adjusted for in the models; thus, in the end, it might have indirectly influenced the accuracy of the associations. Future well-designed studies are needed to explore longitudinal associations between the combined patterns of lifestyle behaviours and DSs in Chinese adolescents.



5 Conclusion

This study found that 16.3% of adolescents had DSs. MVPA, ST, and SLD were independently and in combination associated with DSs. Compared with the healthy combined pattern of high MVPA, appropriate ST, and sufficient SLD, the unhealthiest combination pattern of low MVPA, excessive ST, and short SLD was associated with the highest odds of DSs, followed by the combination of high MVPA, excessive ST, and short SLD; the combination of low MVPA, excessive ST, and sufficient SLD; and the combination of high MVPA, excessive ST, and sufficient SLD. Our results can be used as evidence to assist public health specialists in improving strategies for developing school-based health education programmes aimed at promoting lifestyles to prevent DSs and other mental disorders amongst Chinese adolescents. Future longitudinal studies are required to clarify the causal relationships between the combined patterns of these lifestyles and DSs amongst Chinese adolescents.



Data availability statement

The data is not publicly available due to privacy or ethical restrictions. If there is a reasonable request, it can be obtained from the corresponding authors.



Ethics statement

Ethical approval for this study was approved by Ningbo Center for Disease Control and Prevention (No. 202201) and University of Nottingham Ningbo China, and followed the Declaration of Helsinki. Written informed consent for participation was obtained from the parents or legal guardians of the students.



Author contributions

YL: Conceptualization, Methodology, Writing – original draft, Formal analysis. J-YH: Writing – review & editing, Formal analysis. RR: Writing – review & editing. SM: Writing – review & editing. D-JJ: Project administration, Data curation, Writing – review & editing. S-XL: Data curation, Project administration, Writing – review & editing. W-WL: Data curation, Project administration, Writing – review & editing. YC: Supervision, Writing – review & editing. Q-HG: Funding acquisition, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Science and Technology Project for Disease Control and Prevention of Zhejiang Province (No. 2025JK070), the Ningbo Top Medical and Health Research Program (No. 2023020713), and the Natural Science Foundation of Zhejiang (No. LTGY24H260007).



Acknowledgments

All authors thank all staff for their great field work. In addition, we thank all students who participated in this study.



Conflict of interest

The 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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



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.



References
	 1. World Health Organization. Depressive disorder (depression). (2023). Available online at: https://www.who.int/news-room/fact-sheets/detail/depression (Accessed October 26, 2024)
	 2. American Psychiatric Association. What is depression? (2024). Available online at: https://www.psychiatry.org/patients-families/depression/what-is-depression (Accessed October 26, 2024).
	 3. Blakemore, SJ. Adolescence and mental health. Lancet. (2019) 393:2030–1. doi: 10.1016/S0140-6736(19)31013-X 
	 4. Shorey, S, Ng, ED, and Wong, CHJ. Global prevalence of depression and elevated depressive symptoms among adolescents: a systematic review and meta-analysis. Br J Clin Psychol. (2022) 61:287–305. doi: 10.1111/bjc.12333 
	 5. World Health Organization. Mental health of adolescents. (2021). Available online at: https://www.who.int//news-room/fact-sheets/detail/adolescent-mental-health/?gad_source=1&gclid=EAIaIQobChMIi7TKx8qrhgMVZdMWBR0U3gH7EAAYAiAAEgInRfD_BwE (Accessed October 27 2024)
	 6. Rao, WW, Xu, DD, Cao, XL, Wen, SY, Che, WI, Ng, CH , et al. Prevalence of depressive symptoms in children and adolescents in China: a meta-analysis of observational studies. Psychiatry Res. (2019) 272:790–6. doi: 10.1016/j.psychres.2018.12.133 
	 7. Clayborne, ZM, Varin, M, and Colman, I. Systematic review and meta-analysis: adolescent depression and long-term psychosocial outcomes. J Am Acad Child Adolesc Psychiatry. (2019) 58:72–9. doi: 10.1016/j.jaac.2018.07.896 
	 8. Li, J, Liang, JH, Li, JY, Qian, S, Jia, RX, Wang, YQ , et al. Optimal approaches for preventing depressive symptoms in children and adolescents based on the psychosocial interventions: a Bayesian network meta-analysis. J Affect Disord. (2021) 280:364–72. doi: 10.1016/j.jad.2020.11.023 
	 9. Pozuelo, JR, Desborough, L, Stein, A, and Cipriani, A. Systematic review and meta-analysis: depressive symptoms and risky behaviors among adolescents in low- and middle-income countries. J Am Acad Child Adolesc Psychiatry. (2022) 61:255–76. doi: 10.1016/j.jaac.2021.05.005 
	 10. Lin, S, Gong, Q, Chen, J, Wang, J, Gao, H, Hong, J , et al. Sleep duration is associated with depressive symptoms in Chinese adolescents. J Affect Disord. (2023) 340:64–70. doi: 10.1016/j.jad.2023.07.114 
	 11. Straatmann, VS, Oliveira, AJ, Rostila, M, and Lopes, CS. Changes in physical activity and screen time related to psychological well-being in early adolescence: findings from longitudinal study ELANA. BMC Public Health. (2016) 16:977. doi: 10.1186/s12889-016-3606-8 
	 12. Chen, H, Wang, LJ, Xin, F, Liang, G, and Chen, Y. Associations between sleep duration, sleep quality, and weight status in Chinese children and adolescents. BMC Public Health. (2022) 22:1136. doi: 10.1186/s12889-022-13534-w 
	 13. Song, C, Gong, W, Ding, C, Yuan, F, Zhang, Y, Feng, G , et al. Physical activity and sedentary behavior among Chinese children aged 6-17 years: a cross-sectional analysis of 2010-2012 China National Nutrition and health survey. BMC Public Health. (2019) 19:936. doi: 10.1186/s12889-019-7259-2 
	 14. Zhang, X, Song, Y, Yang, TB, Zhang, B, Dong, B, and Ma, J. Analysis of current situation of physical activity and influencing factors in Chinese primary and middle school students in 2010. Zhonghua Yu Fang Yi Xue Za Zhi [Chin J Preventive Med]. (2012) 46:781–8.
	 15. Suchert, V, Hanewinkel, R, and Isensee, B. Sedentary behavior and indicators of mental health in school-aged children and adolescents: a systematic review. Prev Med. (2015) 76:48–57. doi: 10.1016/j.ypmed.2015.03.026 
	 16. McMahon, EM, Corcoran, P, O'Regan, G, Keeley, H, Cannon, M, Carli, V , et al. Physical activity in European adolescents and associations with anxiety, depression and well-being. Eur Child Adolesc Psychiatry. (2017) 26:111–22. doi: 10.1007/s00787-016-0875-9
	 17. Sampasa-Kanyinga, H, Colman, I, Goldfield, GS, Janssen, I, Wang, J, Podinic, I , et al. Combinations of physical activity, sedentary time, and sleep duration and their associations with depressive symptoms and other mental health problems in children and adolescents: a systematic review. Int J Behav Nutr Phys Act. (2020) 17:72. doi: 10.1186/s12966-020-00976-x 
	 18. Dong, X, Ding, L, Zhang, R, Ding, M, Wang, B, and Yi, X. Physical activity, screen-based sedentary behavior and physical fitness in Chinese adolescents: a cross-sectional study. Front Pediatr. (2021) 9:722079. doi: 10.3389/fped.2021.722079 
	 19. Faught, EL, Ekwaru, JP, Gleddie, D, Storey, KE, Asbridge, M, and Veugelers, PJ. The combined impact of diet, physical activity, sleep and screen time on academic achievement: a prospective study of elementary school students in Nova Scotia, Canada. Int J Behav Nutr Phys Act. (2017) 14:29. doi: 10.1186/s12966-017-0476-0 
	 20. Liu, M, Zhang, J, Hu, E, Yang, H, Cheng, C, and Yao, S. Combined patterns of physical activity and screen-related sedentary behavior among Chinese adolescents and their correlations with depression, anxiety and self-injurious behaviors. Psychol Res Behav Manag. (2019) 2:1041–50. doi: 10.2147/PRBM.S220075 
	 21. Li, S, Li, X, Wang, J, Jiang, D, Zhang, Y, Lou, W , et al. Associations between insufficient sleep, skipping breakfast and depressive symptoms in children and adolescents: a school-based cross-sectional study in China. Prev Med. (2024) 184:107978. doi: 10.1016/j.ypmed.2024.107978 
	 22. National Health Commission of the People's Republic of China, Ministry of Education of the People's Republic of China Standard quality control of health examination for primary and secondary school students (WS/T10020-2024). (2021).
	 23. Guo, L, Deng, J, He, Y, Deng, X, Huang, J, Huang, G , et al. Prevalence and correlates of sleep disturbance and depressive symptoms among Chinese adolescents: a cross-sectional survey study. BMJ Open. (2014) 4:e005517. doi: 10.1136/bmjopen-2014-005517 
	 24. Jiang, L, Wang, Y, Zhang, Y, Li, R, Wu, H, Li, C , et al. The reliability and validity of the Center for Epidemiologic Studies Depression Scale (CES-D) for Chinese university students. Front Psych. (2019) 10:315. doi: 10.3389/fpsyt.2019.00315 
	 25. Lee, SW, Stewart, SM, Byrne, BM, Wong, JP, Ho, SY, Lee, PW , et al. Factor structure of the center for epidemiological studies depression scale in Hong Kong adolescents. J Pers Assess. (2008) 90:175–84. doi: 10.1080/00223890701845385 
	 26. Li, HC, Chung, OK, and Ho, KY. Center for epidemiologic studies depression scale for children: psychometric testing of the Chinese version. J Adv Nurs. (2010) 66:2582–91. doi: 10.1111/j.1365-2648.2010.05440.x 
	 27. Radloff, LS. The CES-D scale: a self-report depression scale for research in the general population. Appl Psychol Meas. (1977) 1:385–401. doi: 10.1177/014662167700100306
	 28. Lewinsohn, PM, Seeley, JR, Roberts, RE, and Allen, NB. Center for epidemiologic studies depression scale (CES-D) as a screening instrument for depression among community-residing older adults. Psychol Aging. (1997) 12:277–87. doi: 10.1037//0882-7974.12.2.277 
	 29. Hirshkowitz, M, Whiton, K, Albert, SM, Alessi, C, Bruni, O, DonCarlos, L , et al. National Sleep Foundation's updated sleep duration recommendations: final report. Sleep Health. (2015) 1:233–43. doi: 10.1016/j.sleh.2015.10.004 
	 30. World Health Organization. BMI-for-age (5-19 years). (2007) Available online at: https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age (Accessed October 3, 2024)
	 31. de Onis, M, Onyango, AW, Borghi, E, Siyam, A, Nishida, C, and Siekmann, J. Development of a WHO growth reference for school-aged children and adolescents. Bull World Health Organ. (2007) 85:660–7. doi: 10.2471/blt.07.043497 
	 32. Wang, H, Bragg, F, Guan, Y, Zhong, J, Li, N, Pan, J , et al. Association between duration of electronic screen use for non-educational purposes and depression symptoms among middle and high school students: a cross-sectional study in Zhejiang Province, China. Front Public Health. (2023) 11:1138152. doi: 10.3389/fpubh.2023.1138152 
	 33. Sun, W, Mei, J, Wang, Y, Zhao, X, Zhu, Z, Zhang, C , et al. Psycho-social factors associated with high depressive symptomatology in female adolescents and gender difference in adolescent depression: an epidemiological survey in China's Hubei Province. BMC Psychiatry. (2021) 21:168. doi: 10.1186/s12888-021-03165-7 
	 34. Kim, H, Jeong, W, Jang, S, Kim, Y, and Park, E. Association between sexual behavior and depression in south Korean adolescents: a cross-sectional study. Int J Environ Res Public Health. (2021) 18:4228. doi: 10.3390/ijerph18084228 
	 35. Knell, G, Durand, CP, Kohl, HW 3rd, Wu, IHC, and Pettee Gabriel, K. Prevalence and likelihood of meeting sleep, physical activity, and screen-time guidelines among US youth. JAMA Pediatr. (2019) 173:387–9. doi: 10.1001/jamapediatrics.2018.4847 
	 36. Guthold, R, Stevens, GA, Riley, LM, and Bull, FC. Worldwide trends in insufficient physical activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1·9 million participants. Lancet Glob Health. (2018) 6:e1077–86. doi: 10.1016/S2214-109X(18)30357-7 
	 37. Zhu, Z, Tang, Y, Zhuang, J, Liu, Y, Wu, X, Cai, Y , et al. Physical activity, screen viewing time, and overweight/obesity among Chinese children and adolescents: an update from the 2017 physical activity and fitness in China-the youth study. BMC Public Health. (2019) 19:197. doi: 10.1186/s12889-019-6515-9 
	 38. Adjibade, M, Lemogne, C, Julia, C, Hercberg, S, Galan, P, Assmann, KE , et al. Prospective association between combined healthy lifestyles and risk of depressive symptoms in the French NutriNet-santé cohort. J Affect Disord. (2018) 238:554–62. doi: 10.1016/j.jad.2018.05.038 
	 39. Zhang, X, Zhang, L, Liu, Y, Lin, Y, Yang, X, Gong, L , et al. The relationship between unhealthy lifestyle patterns and depressive symptoms among residents in Beijing, China: a community-based cross-sectional study. Front Public Health. (2023) 11:1055209. doi: 10.3389/fpubh.2023.1055209 
	 40. Werneck, AO, Peralta, M, Tesler, R, and Marques, A. Cross-sectional and prospective associations of lifestyle risk behaviors clustering with elevated depressive symptoms among middle-aged and older adults. Maturitas. (2022) 155:8–13. doi: 10.1016/j.maturitas.2021.09.010 
	 41. Mougharbel, F, Chaput, JP, Sampasa-Kanyinga, H, Colman, I, Leatherdale, ST, Patte, KA , et al. Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents. Front Public Health. (2023) 11:1101594. doi: 10.3389/fpubh.2023.1101594 
	 42. Dworak, M, Schierl, T, Bruns, T, and Strüder, HK. Impact of singular excessive computer game and television exposure on sleep patterns and memory performance of school-aged children. Pediatrics. (2007) 120:978–85. doi: 10.1542/peds.2007-0476 
	 43. Mommersteeg, PM, Herr, R, Zijlstra, WP, Schneider, S, and Pouwer, F. Higher levels of psychological distress are associated with a higher risk of incident diabetes during 18 year follow-up: results from the British household panel survey. BMC Public Health. (2012) 12:1109. doi: 10.1186/1471-2458-12-1109 
	 44. Ogawa, S, Kitagawa, Y, Fukushima, M, Yonehara, H, Nishida, A, Togo, F , et al. Interactive effect of sleep duration and physical activity on anxiety/depression in adolescents. Psychiatry Res. (2019) 273:456–60. doi: 10.1016/j.psychres.2018.12.085 
	 45. Nabkasorn, C, Miyai, N, Sootmongkol, A, Junprasert, S, Yamamoto, H, Arita, M , et al. Effects of physical exercise on depression, neuroendocrine stress hormones and physiological fitness in adolescent females with depressive symptoms. Eur J Pub Health. (2006) 16:179–84. doi: 10.1093/eurpub/cki159 
	 46. Phillips, C. Brain-derived neurotrophic factor, depression, and physical activity: making the neuroplastic connection. Neural Plast. (2017) 2017:7260130. doi: 10.1155/2017/7260130 
	 47. Hill, EE, Zack, E, Battaglini, C, Viru, M, Viru, A, and Hackney, AC. Exercise and circulating cortisol levels: the intensity threshold effect. J Endocrinol Investig. (2008) 31:587–91. doi: 10.1007/BF03345606 
	 48. Fox, KR, Stathi, A, McKenna, J, and Davis, MG. Physical activity and mental well-being in older people participating in the better ageing project. Eur J Appl Physiol. (2007) 100:591–602. doi: 10.1007/s00421-007-0392-0 
	 49. Dong, L, Xie, Y, and Zou, X. Association between sleep duration and depression in US adults: a cross-sectional study. J Affect Disord. (2022) 296:183–8. doi: 10.1016/j.jad.2021.09.075 
	 50. Ojio, Y, Kishi, A, Sasaki, T, and Togo, F. Association of depressive symptoms with habitual sleep duration and sleep timing in junior high school students. Chronobiol Int. (2020) 37:877–86. doi: 10.1080/07420528.2020.1746796 
	 51. Goldstein, AN, and Walker, MP. The role of sleep in emotional brain function. Annu Rev Clin Psychol. (2014) 10:679–708. doi: 10.1146/annurev-clinpsy-032813-153716 
	 52. Berger, AT, Wahlstrom, KL, and Widome, R. Relationships between sleep duration and adolescent depression: a conceptual replication. Sleep Health. (2019) 5:175–9. doi: 10.1016/j.sleh.2018.12.003 
	 53. Minkel, J, Moreta, M, Muto, J, Htaik, O, Jones, C, Basner, M , et al. Sleep deprivation potentiates HPA axis stress reactivity in healthy adults. Health Psychol. (2014) 33:1430–4. doi: 10.1037/a0034219 


Copyright
 © 2025 Lin, Huang, Rankin, McDonald, Jiang, Li, Lou, Chen and Gong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Combined patterns of physical activity, screen-based sedentary behaviour, and sleep duration and their associations with depressive symptoms in Chinese adolescents



		1 Introduction



		2 Methods



		2.1 Study design and study population



		2.2 Data collection



		2.3 Measurement



		2.3.1 Assessment of depressive symptoms



		2.3.2 Assessment of lifestyle behaviours



		2.3.3 Covariates









		2.4 Statistical analysis









		3 Results



		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fpubh-13-1691683-g001.jpg
Total adolescents participating in the school-
based study

2022:n=11,853;2023: n=11,976

No response from the students

Adolescents agreeing to participate in the
school-based study

2022:n=10,871;2023: n = 12,528

Adolescents without missing data
2022:n=9,733;2023:n = 11,710

Participants with missing data of lifestyle
behaviors

Invalid information of anthropometry, slecp
duration and sedentary behaviors

Adolescents with valid information

2022: n=8,645; 2023: n= 10415

‘Total adolescents included in this study

2022: n = 8,645; 2023: n = 10,412

Age criteria






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Combined patterns of physical
activity, screen-based sedentary
behaviour, and sleep duration and
their associations with depressive
symptoms in Chinese adolescents












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






