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ABSTRACT

Little is known on the association between movement behaviors including physical activity (PA), screen time (ST)
and sleep (SLP) with depression in adolescents. This study aimed to explore the associations of PA, ST and SLP
with depressive symptoms in adolescents. A total of 1,331 middle school students participated in this survey and
provided valid data pertaining to the study variables. Self-reported questionnaires were used to collect informa-
tion on participants’ sociodemographic parameters. The Health Behavior in School-aged Children Questionnaire
was used to assess the PA (days for moderate to vigorous PA), ST (daily hours of ST) and SLP (daily hours of
SLP). Study participants’ depressive symptoms were assessed using the Children’s Depression Inventory. General-
ized linear models were used to estimate the associations of PA, ST and SLP with depressive symptoms. Of all the
1331 study participants, boys accounted for 51.31% and percentage of 7th, 8th and 9th graders were 52.44%,
23.22% and 24.34%, respectively. After controlling for sex, body mass index, grade, ethnicity, residence, siblings,
perceived family affluence, father and mother educational level, only ST was positively associated with depressive
symptoms (beta = 0.17, p = 0.005). This study suggests that excessive ST would be detrimental to depressive
symptoms in adolescents. It may be effective to reduce ST for depression intervention or prevention. Future stu-
dies are encouraged to use an improved study design to confirm or negate this study’s research findings.

KEYWORDS

Moderate to vigorous physical activity; screen time; sleep; depression; middle school students

1 Introduction

Depression is a leading factor of death by suicide in adolescents [1] and is an essential indicator of
mental disorders and social problems in adults [2,3]. The prevalence of depressive disorder among
adolescents has been estimated to be much higher in the year of 2030 [4,5], with the growing prevalence
of symptoms being observed in increasing recently published studies [6]. Many lifestyle risk factors (e.g.,
physical activity [PA], screen time [ST] or sleep) could lead to a climbing prevalence of depressive
symptoms, and identifying modifiable behaviors associated with them is imperative for informing
effective and preventive strategies and interventions for those population who are at risk, where
adolescents are more vulnerable to be depressive [7].
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Since the popularity of time-use epidemiology framework, an increasing number of studies have started
combining PA, ST and SLP together in health filed research. The framework stresses that PA, ST and SLP
are co-dependent behaviors. Based on this framework, it is necessary to included PA, ST and SLP together
when studying some relevant studies. There have been sufficient interests in exploring the roles of
movement behavior comprising PA, ST and SLP on depressive symptoms in adolescents in the literature.
Movement behaviors explain the day of each individual because they are mutually exclusive from a 24-
hour perspective; that is, 1 min spent in one of these behaviors implies 1 min less spent in the others [8].
The single relationship (e.g., PA) of one behavior with depressive symptoms has been investigated in many
studies previously. For instance, PA has been highlighted by a review including prospective studies, which
indicated that PA was a protective factor against depressive symptoms [9], but associations were not
conclusive in studies of adolescents; the negative associations between PA and depressive symptoms in
adolescents were found as well [10–12]. ST has been shown as a correlate of depressive symptoms
in adolescents [10,13] and sleep also seems to be inversely associated with depressive symptoms in
adolescents [10,14–16]. Overall, the available evidence suggests that more PA, reduced SB, and appropriate
sleep are independent protective factors for depressive symptoms. However, owing to the independent
association of PA, SB and SLP with depression symptoms in adolescents, it is highly unreliable to assess the
association between single one behavior (e.g., PA, SB or SLP) with depression symptoms, respectively, while
not controlling the others [17]. On this regard, an increasing number of studies have started to examine the
association between concurrence of PA, SB and SLP with depression symptoms [18,19].

However, those studies were mostly based on western adolescents instead of Chinese populations, which
may inhibit our understanding of depression symptoms prevention from the perspective of movement behavior.
In addition to the consideration, few studies is consisting of PA, ST and SLP concurrently to assess the
association with depression symptoms. It is therefore required to add more evidence in this research field.
Thus, this study aimed to explore the association of PA, ST and SLP with depression symptoms in
adolescents of a Chinese sample. Based on previous studies, the research hypothesis in the current study is
that PA, ST and SLP will be significantly correlated with depressive symptoms in adolescents.

2 Methods

2.1 Study Design and Participants
Our study was designed to assess the factors on adolescents’ physical and mental health during

summertime. We conducted a cross-sectional study to achieve our study aims and adolescents (middle
school students of grade 7–9) were recruited into this study. We randomly selected one middle school
(having three grades) in each city (13 cities in our study) of Jiangsu Province. In each grade, students of
three class were selected randomly. In total, 3465 study participants were invited into this study.
1998 study participants and their parents completed the survey and the response rate of this study was not
high (response rate = 57.7%). Of the 1998 study participants, 1331 (missing cases of sex = 125; missing
cases of grade = 95; missing cases of height and weight = 88; missing cases of father and mother
education level = 134; missing cases of PA = 105, missing cases of ST = 56; missing cases of SLP = 64)
study participants provided valid data on the variables of this study. Before data collection, the
headmaster of each school, study participants and their parents were informed study aims and instructions
on the survey. Each study participants and their parents provide written consent to take part in this study.
To protect study participants’ privacy, data were collected and analyzed anonymously.

2.2 Procedure and Data Collection
The survey was conducted online for both convenience and safety reasons in light of the COVID-19

outbreak. Over two weeks, students were invited to participate in the survey via Tencent’s QQ, WeChat,
Weibo. Recruitment and data collection procedures were approved by the Human Research Ethics
Committee of Nanjing Sport Institute (Nanjing, China).
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2.3 Measures
2.3.1 Sociodemographic

Study participants were asked to self-reported the following information, including sex (boy or girl),
birthdate (year/month), Grade (7, 8, 9), ethnicity (Han or minority), residence (urban or rural), height
(cm) and weight (kg), perceived family affluence (scores from; using Family Affluence Scale), father and
mother’s educational level (below the primary school, primary school, middle school, high or occupation
school, three-college undergraduate, postgraduate or above), siblings (none, one, two, three, four or more).

2.3.2 Study Outcome (Depression Symptoms)
The study outcome was depression symptoms. Study participants’ depression symptoms were assessed

by a self-reported measure, that is Children’s Depression Inventory (CDI). The measure was developed by
Kovacs et al. and has been validated in Chinese school-aged children and adolescents aged 7–17 years
(reliability coefficient: Cronbach’s α coefficient = 0.88 and test-retest reliability coefficient = 0.93;
validity coefficient: 0.43). The CDI consisted of 27 items and their responses ranged from 0 to 2,
generating a total of 0–54 scores. The higher scores participants reported, the depressive severity
participants rated.

2.3.3 Study Exposure (Movement Behaviors)
MVPAwas assessed by the Health Behavior in School-aged Children (HBSC) [20] Questionnaire that

has been used for many Chinese epidemiological surveys [21–24]. One validated question (test-retest
reliability coefficient = 0.82) that is how many days for engagement in physical activity that increases
your heartbeat and make you breathe hard some of the time (including physical education time, exercise,
sports training, and various regular daily activities, such as brisk walking, hiking, and excursion) (e.g.,
physical education, exercise, sport participations). The responses were 0–7 days. In the statistical
analysis, the variable of MVPA was treated as continuous.

Screen time was assessed by the HBSC questionnaire [20], the questions included: (1) How many hours
did you spend watching TV or movies in your leisure time on weekdays and weekend days over the past
week, respectively? (2) How many hours did you spend playing video games in your leisure time on
weekdays and weekend days over the past week, respectively? (3) How many hours did you spend in
activities using electronic screen-based devices in leisure time on weekdays and weekend days over the
past week, respectively? The test retest reliability coefficient ranged from 0.33 to 0.74. The responses to
these questions were 0.5 h to 7 h (or more). The average daily ST hours was calculated using the
following formula: average daily ST hours = (ST hours on weekdays × 5 + ST hours on weekend × 2)/7.
In the statistical analysis, the variable of ST was treated as continuous.

SLP was measured by the items derived from the HBSC questionnaire [20]: (1) When do you usually go
to bed if you have to go to school in the next morning? (2) When do you usually go to bed at weekends or
during holidays? (3) When do you usually wake up on school mornings? (4) When do you usually wake up at
weekends? The answers to items 1–4 were as follows: (1) No later than 21:00; 21:30; 22:00; 22:30; 23:00;
23:30; 24:00; 00:30; 01:00; 01:30; 02:00 or later; (2) no later than 21:00; 21:30; 22:00; 22:30; 23:00; 23:30;
24:00; 00:30; 01:00; 01:30; 02:00; 02:30; 03:00; 03:30; 04:00 or later; (3) no later than 05:00; 05:30; 06:00;
06:30; 07:00; 07:30; 08:00 or later; and (4) no later than 07:00; 07:30; 08:00; 08:30; 09:00; 09:30; 10:00;
10:30; 11:00; 11:30; 12:00; 12:30; 13:00; 13:30; 14:00 or later. Participants’ response was used to
calculate the SLP duration of the night on weekdays and the weekend, respectively. The test retest
reliability coefficient ranged from 0.58 to 0.83. Then, the average SLP duration per night (hours) was
calculated using the following formula: average SLP duration = (SLP duration per night on weekdays ×
5 + SLP duration per night on weekends × 2)/7. In the statistical analysis, the variable of SLP was treated
as continuous.
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2.4 Statistical Analysis
All the statistical analyses were conducted using SPSS version 25.0 (IBM, Corp. Armonk, NY, USA).

Descriptive statistics were used to report frequency and percentage (%) of categorical variables (e.g., sex,
residence) as well as the mean and standard deviation of continuous (BMI). Pearson’s chi-square test was
used to examine the sex differences across all the categorical variables and student t-test was used to
examine the sex difference across all the continuous variables. Then, Pearson correlation coefficients were
calculated to determine bivariate associations among study variables. A generalized linear model (GLMs)
was used to estimate the association between MVPA, ST and SLP with depression symptoms. The GLMs
with Maximum Likelihood Estimation (MLE) and Robust Estimator to examine the associations between
MVPA, ST and SLP with depression symptoms. To explore the association between MVPA, ST and SLP
with depression symptoms reliably, three models were established (Model 1: only MVPA, ST and SLP as
the independent variable; Model 2: including independent variables of Model 1 and sex, BMI, grade,
ethnicity, residence as well as siblings) Model 3: all the variables of this study were included). Adjusted
beta estimates were described. Statistical significance was defined as p < 0.05 (two-sided).

3 Results

Tab. 1 shows the samples’ characteristics of this study. The final analyses included 1331 participants
(51.31% boys) with a mean of BMI of 18.99 ± 4.08 kg/m2. Almost all participants’ ethnicity is Han
(96.69%), and most of them lived in rural areas (72.43%) with one or more siblings (84.3%). The
average score of perceived family affluence was 3.39 ± 0.71. Approximately half of the parents only have
received middle school education (fathers: 46.88%, mothers: 48.16%). Average MVPA, ST and SLP time
of participants were 5.05 ± 2.08 days/week, 8.60 ± 2.86 hours/day, and 8.42 ± 1.29 hours/day,
respectively. Boys were more physically active than girls (5.43 ± 2.16 > 4.65 ± 1.92 days/week, p <
0.001), while girls were less sedentary than boys (8.31 ± 2.85 < 8.88 ± 2.84 hours/day, p < 0.001). The
average score of depression symptoms was 37.03 ± 5.51, and girls reported higher average score
compared to boys (37.5 ± 5.60 > 36.58 ± 5.38, p < 0.05).

Table 1: Sample characteristics of this study

Total Boy Girl p

n % n % n %

Total 1331 100 683 51.31 648 48.69 /

Sex

Boy 683 51.31 / / /

Girl 648 48.69

BMI 18.99 4.08 19.89 4.53 18.04 3.30 0.000

Grade

7 698 52.44 352 51.54 346 53.40 0.620

8 309 23.22 166 24.30 143 22.07

9 324 24.34 165 24.16 159 24.54

Ethnicity

Han 1287 96.69 660 96.63 627 96.76 0.897

Minority 44 3.31 23 3.37 21 3.24

Residence

Urban 367 27.57 205 30.01 162 25.00 0.041

Rural 964 72.43 478 69.99 486 75.00

(Continued)
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The results of correlational matrix among the study variables are presented in Tab. 2. Pearson bivariate
correlations between study variables were displayed in Tab. 3. Specifically, negative correlations between
MVPA and sex (r = –0.19, p < 0.01), perceived family affluence (r = –0.12, p < 0.01), mother
educational level (r = –0.08, p < 0.01) were found in this study. Screen time was negatively correlated
with sex (r = –10, p < 0.01) and father educational level (r = –0.08, p < 0.01). Sleep was positively
correlated with residence (r = 0.08, p < 0.01), and negatively correlated with father (r = –0.08, p < 0.01)
and mother educational level (r = –0.06, p < 0.01). Depression symptoms was positively correlated with
sex (r = 0.08, p < 0.01), and negatively correlated with residence (r = –0.08, p < 0.05), father (r = –0.08,
p < 0.05) and mother educational level (r = 0.10, p < 0.05). Moreover, only screen time was significantly
and positively correlated with depression symptoms (r = 0.08, p < 0.05), which revealed that more screen
time was associated with the prevalence of depression symptoms. However, MVPA and sleep was not
significantly correlated with the prevalence of depression symptoms.

Table 1 (continued).

Total Boy Girl p

n % n % n %

Siblings

0 209 15.70 149 21.82 60 9.26 0.000

1 615 46.21 306 44.80 309 47.69

2 383 28.78 183 26.79 200 30.86

3 94 7.06 32 4.69 62 9.57

4 or more 30 2.25 13 1.90 17 2.62

Perceived Family Affluence 3.39 0.71 3.39 0.74 3.38 0.68 0.657

Father Educational Level

Below primary school 16 1.20 11 1.61 5 0.77 0.541

Primary school 130 9.77 62 9.08 68 10.49

Middle school 624 46.88 332 48.61 292 45.06

High or occupation school 423 31.78 214 31.33 209 32.25

Three-college 92 6.91 42 6.15 50 7.72

Undergraduate 44 3.30 21 3.07 23 3.55

Postgraduate or above 2 0.15 1 0.15 1 0.15

Mother Educational Level

Below primary school 35 2.63 21 3.07 14 2.16 0.529

Primary school 210 15.78 105 15.37 105 16.20

Middle school 641 48.16 340 49.78 301 46.45

High or occupation school 306 22.99 153 22.40 153 23.61

Three-college 99 7.44 45 6.59 54 8.33

Undergraduate 36 2.70 16 2.34 20 3.09

Postgraduate or above 4 0.30 3 0.44 1 0.15

MVPA (days/week) 5.05 2.08 5.43 2.16 4.65 1.92 0.000

ST (hours/day) 8.60 2.86 8.88 2.84 8.31 2.85 0.000

SLP (hours/day) 8.42 1.29 8.48 1.19 8.36 1.38 0.076

Depression 37.03 5.51 36.58 5.38 37.51 5.60 0.002
MVPA: Moderate to Vigorous Physical Activity; ST: Screen Time; SLP: Sleep.
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Table 2: Bivariate correlation matrix between study variables

1 2 3 4 5 6 7 8 9 10 11 12 13

1 Sex 1

2 BMI –0.23** 1

3 Grade –0.01 –0.05 1

4 Ethnicity –0.00 0.00 0.02 1

5 Residence 0.06* –0.16** –0.08** –0.09** 1

6 Siblings 0.16** –0.11** 0.02 0.01 –0.02 1

7 Perceived family
affluence

–0.01 –0.05 0.08** 0.00 0.12** 0.05 1

8 Father educational
level

0.03 –0.02 0.04 –0.01 –0.20** –0.09** –0.13** 1

9 Mother educational
level

0.03 –0.05* 0.01 –0.04 –0.14** –0.14** –0.12** 0.49** 1

10 MVPA –0.19** 0.05 –0.03 –0.05 –0.03 –0.04 –0.12** 0.04 0.08** 1

11 ST –0.10** 0.03 –0.04 0.00 –0.01 –0.01 –0.00 –0.08** –0.04 0.01 1

12 SLP –0.05 –0.03 –0.00 –0.05 0.08** –0.02 –0.04 –0.08** –0.06* 0.05* 0.09** 1

13 Depression 0.08** 0.01 –0.04 –0.00 –0.08** –0.03 0.01 –0.06* –0.10** 0.01 0.08** –0.05 1

MVPA: Moderate to Vigorous Physical Activity; ST: Screen Time; SLP: Sleep; *p < 0.05. **p < 0.01.

Table 3: The association between physical activity, screen time and sleep with depression

Model 1 Model 2 Model 3

Variables Beta Std. Error p Beta Std. Error p Beta Std. Error p

Intercept 37.66 1.27 0.000 36.79 1.95 0.000 31.55 2.62 0.000

MVPA 0.03 0.08 0.689 0.07 0.08 0.362 0.11 0.08 0.167

ST 0.16 0.06 0.010 0.18 0.06 0.004 0.17 0.06 0.005

Sleep –0.26 0.14 0.059 –0.20 0.13 0.128 –0.25 0.13 0.067

Sex (ref = girl) –1.19 0.31 0.000 –1.24 0.30 0.000

BMI 0.01 0.04 0.785 –0.01 0.04 0.848

Grade 7 (ref = 9) 0.50 0.36 0.165 0.51 0.36 0.158

Grade 8 (ref = 9) 0.02 0.45 0.964 –0.17 0.44 0.702

Ethnicity (ref = minority) 0.36 0.80 0.652 0.68 0.85 0.420

Residence (ref = rural) 1.08 0.35 0.002 1.38 0.36 0.000

Siblings 0 (ref = 4 or more) –0.26 1.18 0.823 0.56 1.09 0.608

Siblings 1 (ref = 4 or more) –0.13 1.15 0.909 0.63 1.05 0.553

Siblings 2 (ref = 4 or more) –0.81 1.16 0.483 –0.15 1.06 0.886

Siblings 3 (ref = 4 or more) –1.24 1.22 0.307 –0.80 1.12 0.477

Perceived family affluence 0.18 0.21 0.383

Father educational level 1 (ref = postgraduate or above) 3.54 2.56 0.167

Father educational level 2 (ref = postgraduate or above) –0.12 1.75 0.946

Father educational level 3 (ref = postgraduate or above) –0.60 1.67 0.719

Father educational level 4 (ref = postgraduate or above) –0.90 1.65 0.584

Father educational level 5 (ref = postgraduate or above) –0.80 1.71 0.638

Father educational level 6 (ref = postgraduate or above) –0.26 1.70 0.877

Mother educational level 1 (ref = postgraduate or above) 5.09 1.52 0.001

Mother educational level 2 (ref = postgraduate or above) 6.53 1.27 0.000

(Continued)

80 IJMHP, 2021, vol.23, no.1



The results from generalized linear models for the association between MVPA, ST and SLP with
depression symptoms are shown in Tab. 3. Three statistical models were used to examine the
associations. In Model 1, only MVPA, ST and SLP were examined, which found ST was positively
associated with depression symptoms (β = 0.16, p < 0.05). MVPA and SLP were not significantly
associated with depression symptoms (both p > 0.05). In Model 2, variables of individual level, including
sex, BMI, ethnicity, grade and number of siblings were added into the model. Consistent with the
Model 1, ST was significantly associated with depression symptoms (β = 0.18, p < 0.005). Sex and
residence were associated with depression symptoms (both p < 0.005). When parent-related variables,
including family affluence and parents’ educational level, were included in the Model 3, ST remained
statistically significant in relation to depression symptoms (β = 0.17, p < 0.01). In this model, sex and
residence, as well as mother’s educational level, were associated with depression symptoms.

4 Discussion

This study focused on the association between MVPA, ST and SLP with depression symptoms in
adolescents during summertime. The current study mainly found that ST was an important correlate of
depression symptoms in adolescents during summertime; but, MVPA and SLP were not associated with
depression symptoms. Our study is one of very few to assess the association between behavioral factors
and depression symptoms, which could provide practical implications for depression symptoms
preventions in adolescents.

Much evidence has shown that excessive ST is positively associated with depression symptoms in
adolescents. For example, a recently published meta-analysis including twelve cross-sectional studies and
four longitudinal studies (including 1 cohort study) revealed that there was a non-linear dose-response
association between ST and depression symptoms, indicating that higher ST in adolescents was
significantly associated with a higher risk of depression symptoms (OR = 1.12; 95% CI 1.03 to 1.22)
[25]. In Canadian youth, duration of screen time was associated with severity of depression symptoms
(β = 0.23, p < 0.001) [13]. A follow-up study also found that ST would lead to higher risks for
depression symptoms in adolescents [26]. These research findings based on previously published papers
can support the current study. In our study, ST was the only factor positively associated with depression
symptoms when adding MVPA and SLP into the statistical model. Some possible explanations can be
used for the associations between increased ST and depression symptoms in adolescents. Researchers
have recognized that it is likely that adolescents who spend large amounts of time engaging in ST were
socially isolating [27,28]. Moreover, it has been acknowledged that a healthy attachment orientation is
crucial to healthy development [29], and increased ST can harm attachment relationships, which can
negatively impact affect [30]. Another mechanism could be relating to the nature of the content, situation,
or messaging of the ST exposure. For example, computer/internet use may expose adolescents to cyber-
bullying, and it has been shown that depression symptoms are correlates of cyberbullying among
adolescents [31]. Also, as posited by social comparison theory and objectification theory [32], exposure
to unattainable images that objectify the human body may contribute to feelings of depression symptoms

Table 3 (continued).

Model 1 Model 2 Model 3

Variables Beta Std. Error p Beta Std. Error p Beta Std. Error p

Mother educational level 3 (ref = postgraduate or above) 4.49 1.19 0.000

Mother educational level 4 (ref = postgraduate or above) 4.58 1.22 0.000

Mother educational level 5 (ref = postgraduate or above) 4.04 1.30 0.002

Mother educational level 6 (ref = postgraduate or above) 3.48 1.37 0.011

MVPA: Moderate to Vigorous Physical Activity; ST: Scree Time; BMI: Body Mass Index; Bold Font Denotes Statistical Significance.
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[31,33]. Also, adolescents who spend more time in front of electronic screens have more sleeping problems
[34,35], which could compromise their ability to cope with stress, resulting in increased feelings of
depression symptoms or anxiety. Finally, ST can also displace time spent engaging in physical activity,
which is concerning given previous findings that physical activity is associated with decreased depression
symptoms [36,37]. This research finding indicates that limiting ST would be beneficial to depression
symptoms prevention in adolescents, which implies that using multiple strategies to reduce ST may be
effective in promoting mental health. Future studies should, especially trials studies, determine the effects
of reduced ST on depression symptoms and mental health.

Interestingly, the current study found that MVPA and SLP were not significant correlates of depression
symptoms in adolescents. Inconsistent with previous a large number of studies [38–42], our study indicates
that MVPA is not a correlate of depression symptoms in adolescents. Specifically, a study based on Nigerian
adolescents demonstrated that MVPA was linked with lower risks for depression symptoms [43]. Another
study consisting of Canadian youth (nationally representative sample, n = 9702) suggested that being
physically active (having sufficient MVPA) [44] was a negative correlate of depression symptoms. There
is a large body of evidence demonstrating the positive roles of physical activity. However, our study
cannot concur the previous literature. Some possible explanations could be proposed. First, some studies
found that vigorous PA was positively or not associated with depression symptoms [45] while moderate
PA had negatively associated depression symptoms [41]. MVPA consisted of moderate and vigorous
physical, which may produce an offset effect. This would be plausible that MVPA was not associated
with depression symptoms. Second, in our study, the average of days for MVPA in adolescents was about
5 days, which may not be sufficient to reach the minimum dose to fight against depression symptoms.
Some studies have indicated that meeting the MVPA recommendations (having 60 min of MVPA per
day) could help reduce depression symptoms [46]. Owing to the evidence, not having MVPA per day
may not be associated with lower risks for depression symptoms. A meta-analytical study has provided
evidence that sleep is an essential factor associated with depression symptoms in adolescents. Some other
empirical studies also support the meta-analysis [15,47–50]. For example, a longitudinal study in
Canadian youth suggested that shorter SLP was a greatly high-risk factor for depression symptoms in
adolescents, especially in girls [51]. It seems that little evidence can support our research finding that SLP
cannot associated with depression symptoms. Possible reasons account for this discrepancy may be owing
to differences in sample characteristics, measures of depression symptoms and survey time. It is
recommended to use more comparable data to determine the association between SLP and depression
symptoms in adolescents, which is beneficial in synthesizing more reliable evidence.

Although this study is one of few to assess the association between movement behaviors (e.g., PA, ST
and SLP) and depression symptoms in adolescents, this study should be explained in light of some inherent
limitations. The first limitation is self-reported measures, which may result in recall bias and measurement
error. Besides, owing to the nature of the cross-sectional study, the conclusion with causality for the
association between MVPA, ST and SLP with depression symptoms cannot be a draw. Moreover,
movement behavior includes light PA. Owing to measurement limitation, in the current study, we cannot
measure light PA; so, in the future, more studies are encouraged to include light PA into the study
analysis. The last study limitation is that the samples were mainly from Jiangsu Province, which may
limit the generalizability of the research findings. Future studies are encouraged to address these
limitations for robust evidence that could be used in clinical relevance.

Our study has some practical implications. The biggest one is that for depression prevention, controlling
or limiting ST is may be feasible approach. However, although our study did not find the significant
association of MVPA and sleep with depressive symptoms in adolescents, it is not denying the positive
roles of them in preventing depression. Future studies are encouraged to replicate or negate our research
findings by using more improved study design.
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5 Conclusion

Our study is one of the first to assess the association between movement behaviors consisting of physical
activity, screen time and sleep with depression symptoms in adolescents. To conclude, the present study
suggests that excessive screen time, instead of moderate to vigorous physical activity and sleep, may be
detrimental to depression symptoms in adolescents. From the perspective based on the current study, it
would be beneficial to reduce or limit screen time for adolescents’ depression symptoms prevention and
mental health promotion. Future studies should use more improved study designs to replicate or negate
the negative roles of screen time in developing depression symptoms in adolescents.
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