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Summary

What is already known about this topic?

In recent years, there has been growing concern
regarding the escalating rates of depression among
adolescents. While certain individual behaviors have
been suggested as potential protective factors for mental
health, there is a scarcity of research examining the
collective influence of 24-hour movement behaviors.
What is added by this report?

This research documented the prevalence of adolescent
depression, along with the rates of adherence to 24-
hour movement behavior guidelines encompassing
moderate to vigorous physical activity, screen time, and
sleep time, in the years 2019, 2020, and 2021. A
significant correlation was observed between levels of
depression and combined health behaviors. Of
particular note was the finding that adherence to the
“screen+sleep time” recommendation was linked with
the lowest risk of depression.

What are the implications for public health
practice?

A comprehensive intervention that targets three 24-
hour movement behaviors should be accentuated, with
the combination of “sleep and screen time” potentially
offering the most effective approach to managing
depression.

Depression is a prevalent mental disorder on a global
scale. However, limited knowledge exists regarding the
of 24-hour

movement behaviors and depression. The aim of this

correlations  between combinations
study was to investigate the association between
combinations of moderate to vigorous physical activity
(MVPA), screen time, and sleep duration with
depression in adolescents. The data was obtained from
the monitoring of prevalent diseases and contributing
factors to health in student populations within Inner

Mongolia from 2019 to 2021. The sample consisted of
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a total of 238,440 adolescents ranging between 13-18
years of age. The findings indicated a dose-response
correlation between the number of attained movement
guidelines and the risk of depression. Furthermore, in
relation to adolescents who met all three guidelines, the
“sleep+screen time” combination demonstrated the
lowest associated risk with depression. These results
propose that limited screen time coupled with ample
sleep duration may effectively mitigate the risk of
depression among adolescents.

Depression prevalence among adolescents has
significantly escalated over the past decade, raising
concern due to the critical developmental and
transitional occurrences during this stage of life (7).
Previous studies indicated specific behaviors, such as
promoting physical activity and limiting sedentary
times, could potentially contribute to improved mental
health among adolescents (2). However, there is a
growing consensus that an amalgamation of 24-hour
movement behaviors could have a more profound
impact on health than isolated behaviors. This is
particularly pertinent during adolescence as it is
foundational for establishing lifelong behavioral
patterns (3). Therefore, this study aims to investigate
the correlation between patterns of 24-hour movement
behaviors, including MVPA, screen time, and sleep
duration, and their associations with depression in
adolescents.

Annual health surveillance was conducted on
common diseases among students in the Inner
Mongolia Autonomous Region, spanning all 12 cities
(103 counties) of the region. A stratified cluster
random sampling technique was utilized for this
purpose. Initially, junior and senior high schools
within each county were chosen at random,
determined by geographic classification (rural or
urban). Thereafter, stratification by grade was carried
out, with students participating in the study in class
units to meet the minimum quota of 80 students per
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grade. In this study, three cross-sectional data sets from
the years 2019, 2020, and 2021 were leveraged,
encompassing 83,866 adolescents (49.3% boys) in
2019, 67,998 adolescents (49.4% boys) in 2020, and
86,576 adolescents (49.5% boys) in 2021, aged 13-18
years, all with complete data records.

Depression was quantified using the Center for
Epidemiological Studies Depression Scale (CES-D).
This scale encompasses 20 symptom-related items,
which were evaluated based on their frequency of
occurrence over the preceding week, utilizing a 4-point
grading system ranging from 0 to 3. A cumulative
score of >16 was delineated as indicative of a depressive
mood (4).

Information regarding MVPA, screen time, and
sleep duration was obtained through a questionnaire
derived from the national program for monitoring and
intervention of common diseases and health
influencing factors among students. This questionnaire
was designed in alignment with the Canadian 24-hour
movement guidelines for children and youth (5).

Participants meeting the behavioral
recommendations were defined as those engaged in at
least one hour of MVPA daily, less than or equal to
two hours of daily screen time, and daily sleep duration
of at least nine hours for junior high school students or
eight hours for senior high school students. These

guidelines consider both Canadian and Chinese
standards (6).

Covariates, including gender and school level, were
gathered through the questionnaire, while geographical
location was designated by administrative divisions.

Statistical analyses were performed utilizing SPSS
26.0 (web version 26.0; IBM, New York, USA) and R
423 (R Core, TeamVienna, Austria). Categorical
variables described  using numbers and
percentages, while the chi-square test was utilized to
examine group differences. A multivariate logistic
regression model was used to analyze the associations
between depression and 24-hour movement behaviors,
inclusive of subgroups and different combinations. All
analyses were two-sided, with a P-value of less than
0.05 indicative of statistical significance. Visualizations

were

were created using R.

Figure 1 illustrates the pattern and group variances
in rates of depression. On the whole, the prevalence of
depression was 29.1%, 32.2%, and 30.9% in the years
2019, 2020, and 2021, respectively, with significant
differences observed in the distribution by sex, stage of
schooling, and geographical location across the three
years (all P<0.05). In particular, girls and senior high
school students demonstrated significantly higher rates
of depression compared to boys and juniors (2019:
x2=254.16, 298.28; 2020: x2=491.94, 938.81;
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FIGURE 1. Trends and group differences in depression among adolescents aged 13-18 years in Inner Mongolia
Autonomous Region, 2019-2021. (A) depression proportions of adolescents from 2019 to 2021; (B) sex, area, and school

stage difference of adolescents’ depression proportions.
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2021: x2=676.89, 1197.56; all P<0.001). Regarding
the geographical variation, rates of depression across 12
league cities in the Inner Mongolia Autonomous
Region showed discrepancies, with a higher proportion
of depressive symptoms found in the southwest.
only 1.2%, 1.2%, and 2.3% of
adolescents across the three years met all three
recommended guidelines. Detailed
of depression are presented in Supplementary
Table S1 (available in https://weekly.chinacdc.cn/).
Additionally, trends and group differences in 24-hour
movement behaviors are depicted in Supplementary
Figures S1 and S2 (available in https://weekly.
chinacdc.cn/).

Figure 2 illustrates the differing distribution of

Furthermore,

characteristics

depressive symptoms in adolescents in correlation with
assorted 24-hour movement behaviors from 2019 to
2021. Generally, a higher adherence to guidelines saw
a lower rate of depression ()(2:2,735.56, P<0.001).
Analyzing the data from a behavioral combination
viewpoint,  adolescents adhered the
“screen+sleep” combination displayed the least rate of

who to

depression, while those who adhered to the “MVPA
exhibited the highest. The
proportion of depressive symptoms increased from
2019 to 2021 among adolescents adhering to the
“MVPA only” and “screen only” combinations.
Conversely, it decreased among adolescents adhering to
the “screen+sleep” combination ()(2=26.62, 44.60,
51.20, all P<0.05).

Figure 3

only” combination

the
depression and 24-hour movement behaviors from
2019 to 2021. There exists a dose-response relationship
between  the 24-hour
guidelines and the prevalence of depression. When

illustrates correlations  between

adherence to movement
examining various combinations of the three behaviors,
all combinations — with the exception of the
“screen+sleep time” combination — were significantly
correlated with an increased risk of depression.
Notably, abiding by the “MVPA only” guidelines was
associated with the highest risk. Correlations in
subgroups defined by sex, school stage, and geographic
detailed in Supplementary Table S2
(available in https://weekly.chinacdc.cn/). On  the
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FIGURE 2. Distribution of depression among adolescents aged 13-18 years in Inner Mongolia Autonomous Region in
relation to different 24-hour movement behaviors, 2019 to 2021. (A) adolescents’ depression proportions with met different
numbers of 24-hour movement behaviors guidelines; (B) adolescents’ depression proportions with different combinations of

24-hour movement behaviors.

Abbreviation: MVPA=moderate to vigorous physical activity.
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FIGURE 3. Association between combinations of 24-hour movement behaviors and depression among adolescents aged

13-18 years in Inner Mongolia Autonomous Region, 2019-2021.

Note: Adjusted for age, sex, school stage, and area.

Abbreviation: MVPA=moderate to vigorous physical activity; OR=odds ratio; C/=confidence interval.

whole, stronger associations were found between the
quantity and combinations of 24-hour movement
behaviors and depression among male and urban
students.

DISCUSSION

In this study, we explored the cross-sectional
associations among adolescents in Inner Mongolia
from 2019 to 2021. The results indicated that: 1) the
prevalence of depression was consistently high among
school students throughout the three-year period, with
an increase in 2020 followed by a decline in 2021;
noteworthy disparities were observed between genders
and across different school stages. 2) The current
disposition of 24-hour movement behaviors among
adolescents was relatively unsatisfactory. 3) The
adherence to guidelines exhibited a dose-response
relationship with the depression rates, with the
conjunction of “sleep+screen time” in particular
displaying the lowest risk associated with depression.

Our data revealed that approximately 30% of
exhibited
depression, alongside an alarmingly low adherence rate
to all three recommendations under examination in

surveyed  adolescents symptoms  of

this study. These changes in depression rates align with
the findings from a previous systematic review and
meta-analysis of the impact of the COVID-19
pandemic on the mental health of children and
adolescents. The study noted a significant escalation of
anxiety and depressive symptoms in 2020, with a
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subsequent decline, followed by a mild uptick during
the second wave of the pandemic (7). Disturbingly,
adherence levels to the 24-hour movement behavior
recommendation were markedly lower than previous
results  (8).
restrictions, achieving the recommended minimum of
one hour of MVPA daily proved to be the most
challenging guideline for individuals to comply with.

Compounded by pandemic-related

Our study also underlines gender and school-stage
disparities in depression
vulnerability of these particular demographics. Girls
typically exhibit higher rates of suicidal thoughts and
behaviors (9), while senior school students confront

rates, confirming the

greater academic pressures. Depression negatively
affects academic performance, a repercussion that
potentially extends into college; thus, there’s an urgent
necessity for heightened attention to the mental health
of girls and students in advanced grades (10).

Our research uncovered correlations between failing
to meet a greater number of behavioral
recommendations and an increased risk of depression,
underscoring the importance of holistic interventions
for daily movement behaviors. In terms of specific
combinations, our findings align with previous
research (11), indicating that meeting
recommendations for both screen time and sleep
duration possesses more mental health benefits than
solely adhering to the MVPA recommendations. This
suggests that failure to meet either screen or sleep time
recommendations may negate the benefits of exercise.

Given the close links between social media use, sleep
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disruption, and depression (I2), our research
recommends adherence to both screen time and sleep
duration guidelines as a more effective approach to
enhance adolescents’ mental health, as opposed to
solely focusing on physical activity interventions.

This study does present several limitations. First, our
participant pool was sourced from surveillance data
exclusive to the Inner Mongolia province in China.
This could potentially confine the extent to which our
findings can be generalized across the country. Second,
the cross-sectional nature of the study prohibits us
from establishing causality. Lastly, we gathered
information on 24-hour movement behaviors via
questionnaires as opposed to objective instruments,
which likely led to some degrees of bias, particularly in
relation to physical activity and screen time.

In conclusion, the prevalence of depression and
adherence to the 24-hour movement guidelines was
suboptimal among adolescents aged 13-18 years in
Inner Mongolia from 2019 to 2021, highlighting the
urgent need for attention and intervention. A dose-
response relationship was observed between the
number of guidelines met and the rate of depression.
Furthermore, it was found that adhering to the
“sleep+screen” combination could provide additional
mental health benefits. Nevertheless, it remains critical
to maintain all three healthy movement behaviors.
Beyond the known benefits of physical activity,
achieving recommended screen-viewing and sleep
durations is also paramount in reducing depressive
symptoms.

Conflicts of interest: No conflicts of interest.

Acknowledgement: All students and staff involved
in the survey.

Funding: Supported by the grants of Capital’s Funds
for Health Improvement and Research (2022-1G-4251
t0 YS), Beijing Office for Education Sciences Planning
(BBAA22027 to YS), Beijing Office for Education
Sciences Planning (AHCA23107 to WY), Beijing
Office for Education Sciences Planning (AECA22126
to YD).

doi: 10.46234/ccdcw2023.169

* Corresponding authors: Yanhui Dong, dongyanhui@bjmu.edu.cn;
Xiuhong Zhang, zxhcdc@163.com; Yi Song, songyi@bjmu.edu.cn.

! Institute of Child and Adolescent Health, School of Public Health,
DPeking University, Beijing, China; > Inner Mongolia Autonomous
Region Comprehensive Disease Prevention and Control Center, Inner
Mongolia Autonomous Region, China.

Chinese Center for Disease Control and Prevention

& Joint first authors.

Submitted: September 19, 2023; Accepted: September 29, 2023

REFERENCES

1. Thapar A, Eyre O, Patel V, Brent D. Depression in young people.
Lancet 2022;400(10352):617 - 31. http://dx.doi.org/10.1016/S0140-
6736(22)01012-1.

2. Rodriguez-Ayllon M, Cadenas-Sinchez C, Estévez-Lépez F, Mufioz
NE, Mora-Gonzalez J, Migueles JH, et al. Role of physical activity and
sedentary behavior in the mental health of preschoolers, children and
adolescents: a systematic review and meta-analysis. Sports Med
2019;49(9):1383 - 410. hrep://dx.doi.org/10.1007/s40279-019-01099-
5.

3. van Sluijs EMF, Ekelund U, Crochemore-Silva I, Guthold R, Ha A,
Lubans D, et al. Physical activity behaviours in adolescence: current
evidence  and  opportunities  for  intervention.  Lancet
2021;398(10298):429 - 42. http://dx.doi.org/10.1016/S0140-6736
(21)01259-9.

4. Chen ZY, Yang XD, Li XY. Psychometric features of CES-D in Chinese
adolescents. Chin J Clin Psychol 2009;17(4):443-5,448. https://d.
wanfangdata.com.cn/periodical/zglcxlxzz200904019. (In Chinese).

5. Tremblay MS, Carson V, Chaput JP, Connor Gorber S, Dinh T,
Duggan M, et al. Canadian 24-hour movement guidelines for children
and youth: an integration of physical activity, sedentary behaviour, and
sleep. Appl Physiol Nutr Metab 2016;41(6 Suppl 3):S311-27. htep://
dx.doi.org/10.1139/apnm-2016-0151.

6. GB/T 17223-2012, Health requirements of daily learning time for
secondary and elementary school students. National Health
Commission of the People’s Republic of China. 2012.
https://openstd.samr.gov.cn/bzgk/gb/newGbInfo?hcno=D6DA88D326
0600A078EEF6CE21ACG61AG. [2023-9-16]. (In Chinese).

7. Miao RS, Liu C, Zhang JR, Jin H. Impact of the COVID-19 pandemic
on the mental health of children and adolescents: a systematic review
and meta-analysis of longitudinal studies. ] Affect Disord 2023;340:914
- 22. http://dx.doi.org/10.1016/j.jad.2023.08.070.

8. Tapia-Serrano MA, Sevil-Serrano J, Sdnchez-Miguel PA, Lépez-Gil JF,
Tremblay MS, Garcia-Hermoso A. Prevalence of meeting 24-Hour
Movement Guidelines from pre-school to adolescence: a systematic
review and meta-analysis including 387,437 participants and 23
countries. ] Sport Health Sci 2022;11(4):427 - 37. http://dx.doi.org/
10.1016/j.jshs.2022.01.005.

9. Poonai N, Freedman SB, Newton AS, Sawyer S, Gaucher N, Ali S, et
al. Emergency department visits and hospital admissions for suicidal
ideation, self-poisoning and self-harm among adolescents in Canada
during the COVID-19 pandemic. CMAJ 2023;195(36):E1221 - 30.
htep://dx.doi.org/10.1503/cma;j.220507.

10. Bruffaerts R, Mortier P, Kiekens G, Auerbach RP, Cuijpers P,
Demyttenaere K, et al. Mental health problems in college freshmen:
prevalence and academic functioning. ] Affect Disord 2018;225:97 -
103. hetp://dx.doi.org/10.1016/j.jad.2017.07.044.

11. Sampasa-Kanyinga H, Colman I, Goldfield GS, Janssen I, Wang JL,
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 ] Behav Nutr Phys Act 2020;17(1):72. http://dx.doi.org/10.
1186/512966-020-00976-x.

12. Chalermchutidej W, Manaboriboon B, Sanpawitayakul G, Theppiban
S, In-Iw S. Sleep, social media use and mental health in female
adolescents aged 12 to 18 years old during the COVID-19 pandemic.
BMC Pediatr 2023;23(1):398. http://dx.doi.org/10.1186/s12887-023-
04218-4.

CCDC Weekly / Vol. 5/ No. 40 893


https://doi.org/10.46234/ccdcw2023.169
https://doi.org/10.1016/S0140-6736(22)01012-1
https://doi.org/10.1016/S0140-6736(22)01012-1
https://doi.org/10.1016/S0140-6736(22)01012-1
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.1016/S0140-6736(21)01259-9
https://doi.org/10.1016/S0140-6736(21)01259-9
https://doi.org/10.1016/S0140-6736(21)01259-9
https://d.wanfangdata.com.cn/periodical/zglcxlxzz200904019
https://d.wanfangdata.com.cn/periodical/zglcxlxzz200904019
http://dx.doi.org/10.1139/apnm-2016-0151
http://dx.doi.org/10.1139/apnm-2016-0151
https://doi.org/10.1016/j.jad.2023.08.070
https://doi.org/10.1016/j.jad.2023.08.070
https://doi.org/10.1016/j.jshs.2022.01.005
https://doi.org/10.1016/j.jshs.2022.01.005
https://doi.org/10.1016/j.jshs.2022.01.005
https://doi.org/10.1503/cmaj.220507
https://doi.org/10.1503/cmaj.220507
https://doi.org/10.1016/j.jad.2017.07.044
https://doi.org/10.1016/j.jad.2017.07.044
https://doi.org/10.1186/s12966-020-00976-x
https://doi.org/10.1186/s12966-020-00976-x
https://doi.org/10.1186/s12966-020-00976-x
https://doi.org/10.1186/s12887-023-04218-4
https://doi.org/10.1186/s12887-023-04218-4
https://doi.org/10.1186/s12887-023-04218-4

China CDC Weekly

SUPPLEMENTARY MATERIAL

SUPPLEMENTARY TABLE S1. Characteristics and distribution of depression among adolescents aged 13-18 years in
Inner Mongolia, 2019-2021 (N=238,440).

2019 (N=83,866) 2020 (N=67,998) 2021 (N=86,576)
Characteristics Total, N (%) Dep,l;e(;:)ion’ Total, N (%) Dep,:e(;;ion’ Total, N (%) Dep;ij/;ion’ x°  Pvaluet
Sex 24.635 <0.001
Boy 41,309 (49.3) 10,984 (26.6) 33,575 (49.4) 9,447 (28.1) 42,887 (49.5) 11,473 (26.8)
Girl 42,557 (50.7) 13,445 (31.6) 34,423 (50.6) 12,421 (36.1) 43,689 (50.5) 15,257 (34.9)
School stage 756.29 <0.001
Junior high school 51,127 (61.0) 13,784 (27.0) 35,896 (52.8) 9,681 (27.0) 54,104 (62.5) 14,427 (26.7)
Senior high school 32,739 (39.0) 10,645 (32.5) 32,102 (47.2) 12,187 (38.0) 32,472 (37.5) 12,303 (37.9)
Area 124.31  <0.001
Urban 25,980 (31.0) 8,019 (30.9) 22,575 (33.2) 7,769 (34.4) 25,229 (29.1) 8,220 (32.6)
Rural 57,886 (69.0) 16,410 (28.3) 45,423 (66.8) 14,099 (31.0) 61,347 (70.9) 18,510 (30.2)
24-hour movement behaviors
MVPA time >1 hour 11,136 (13.3) 3,100 (27.8) 9,382 (13.8) 2,843 (30.3) 13,977 (16.1) 3,968 (28.4) 16.455 <0.001
Screen time <2 hours 39,228 (46.8) 10,141 (25.9) 34,260 (50.4) 9,352 (27.3) 47,886 (50.9) 12,679 (26.5) 19.655 <0.001
Enough sleep time* 16,382 (19.5) 4,320 (26.4) 9,927 (14.6) 2,431 (24.5) 16,966 (19.6) 3,771 (22.2) 77.973 <0.001

* No less than 9 h for junior high school students and 8 h for senior high school students.
T Chi-square test results of the distribution of depression in different characteristics and three years.
Abbreviation: MVPA=moderate to vigorous physical activity.
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SUPPLEMENTARY FIGURE S1. Distribution of MVPA, screen time, and sleep time in different cities among adolescents
aged 13-18 years in Inner Mongolia, 2019-2021.
Abbreviation: MVPA=moderate to vigorous physical activity.
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SUPPLEMENTARY FIGURE S2. Distribution of MVPA, screen time, and sleep time in different groups among adolescents
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aged 13-18 years in Inner Mongolia, 2019-2021.
Abbreviation: MVPA=moderate to vigorous physical activity.
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