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ABSTRACT

This study aimed to examine the associations between lifestyle behaviors and depressive symptoms in adolescents.
Self-reported data from the 2019 Youth Risk Behavior Survey (YRBS) was analyzed. Depressive symptoms were
set as the outcome variable. Movement variables (physical activity, muscle-strengthening exercise, physical
education attendance, sports team participation, television watching, video or computer games, and sleep), eating
behaviors (fruit intake, vegetable intake, milk intake, and eating breakfast or not), and substance use (alcohol use
and cigarette use) were included as explanatory variables. Binary logistic regression was used to explore the asso-
ciations between lifestyle behaviors and depressive symptoms after adjusting for sex, age, grade, race, and weight
status. Of 13,677 participants who completed the investigation, girls were more than boys (50.3% vs. 48.6%). The
proportion of participants in grades 9, 10, 11, and 12 was 26.6, 27.2, 24.3, and 20.8, respectively. Of them, the
prevalence of depressive symptoms was 36.0% (weighted%: 36.7% [35.1%, 38.3%]). Among all the lifestyle
behaviors included, participating in no sports teams (OR = 1.53 [1.32, 1.77]), spending more than 2 h in video
or computer games (OR = 1.64 [1.40, 1.92]), sleeping less than 8 h nightly (OR = 1.79 [1.45, 2.20]), not eating
breakfast (OR = 1.56 [1.37, 1.78]), alcohol use (OR = 1.74 [1.49, 2.02]), and cigarette use (OR = 1.83 [1.42,
2.37]) were associated with higher odds of depressive symptoms. To reduce depressive symptoms in adolescents,
interventions can consider encouraging adolescents to engage in team sports activity, limit time for video or com-
puter games, sleep enough, regularly eat breakfast, and avoid using alcohol and cigarette. Future studies are
encouraged to verify our research findings by using a more improved study design.
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1 Introduction

Depression has been a serious mental health problem that gives a huge burden on the whole society [1].
Similarly, adolescent depression is a common emotional disorder that results in interest loss, sleep
deprivation, excessive substance use, and feelings of hopelessness [1,2]. Data suggests that depression is
a major mental health disorder in the world [2,3]. In the US, depression diagnosed among youth
increased from 8.7% in 2005 to 11.3% in 2014 [4]. More seriously, about 15% of adolescents in the US
were diagnosed with severe depression [5]. 7.1%–19.4% of adolescents in 11 European countries are
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screened as having depressive symptoms [6]. According to the latest World Health Organization, depression
is the fourth leading cause of illness and disability among those aged 15–19 years and the fifteenth among
those aged 10–14 years (World Health Organization, 2018). These data show that depression has been a
prevalent mental illness in adolescents in the world, which must be paid sufficient attention to addressing
this mental health problem. In addition, evidence has confirmed the adverse effects of depression on
overall development and health in adolescents, such as social [7] and cognitive impairments [8], school
dropout [9], unhealthy behaviors [10,11], and subsequent higher risks for cardiovascular diseases [12].
From a public health perspective, it is necessary to reduce the burdens of depression in adolescents by
understanding the associated factors and implementing efficient interventions.

Lifestyle behaviors are considered as important correlates of depression in adolescents [13]. Increasing
studies reported that lifestyle behaviors could be factors of depression in adolescents [14–19]. For example,
Vancampfort et al. [20] found that more sitting time was positively associated with higher risks of depression
symptoms. One systematic review also suggested that screen time was positively associated with depression
in adolescents [15]. Biddle et al.’s [21] systematic review indicated that physical activity was a protective
factor in developing depression in adolescents. These two kinds of lifestyle behaviors have been studied
in previous studies. In addition to these movement activities, some studies have explored the associations
between eating behaviors and depression in adolescents. A meta-analysis demonstrated that increasing
fruit and vegetable intake may be associated with lower risks for depression [22]. In adolescents, studies
have confirmed that sufficient fruit and vegetable intake is a negative factor in depression [23]. This
research finding was supported by another multiple-country research [24]. Recent studies also reveal the
negative association between breakfast behavior and depression in adolescents [25,26]. Moreover, as an
increasing number of adolescents are using substance, like alcohol and cigarettes, studies have suggested
the negative effects of substance use on depression [10,11,13,27–30]. The above evidence suggested that
improving lifestyle behaviors would be an optimal approach to reducing the odds of depression.

However, some research gaps remain across the previous literature. Addressing these gaps would be
more conducive to producing more meaningful insights into depression prevention in children and
adolescents. One major research gap is that previous research cannot be done at a nationally
representative level owing to limited data sources or collection. This gap inhibits researchers to
understand the association between lifestyle behavior and depression at a population level, limiting the
efficiency of populational level interventions. Another is that previous studies failed to examine the
associations between multiple lifestyle behaviors and depressive symptoms in one study. Examining
various lifestyle behaviors can help determine one’s specific association with depressive symptoms.
Indeed, including lifestyle behaviors as much as possible in research on depression is of great importance
to determine different lifestyle behaviors’ roles in improving mental health. However, to our knowledge,
such studies remain scanty, which is encouraged to conduct to determine different lifestyle behaviors’
roles in depression prevention.

To address these research gaps, this study aims to explore the associations between lifestyle behaviors
(e.g., movement behaviors, eating behaviors, and substance use) and depression in adolescents using a
nationally representative sample from the 2019 US Youth Risk Behavior Survey (YRBS).

2 Methods

2.1 Study Design and Participants
We used data from the YRBS 2019 cycle to achieve our research aims. A cluster sampling design was

utilized to generate a nationally representative sample of schoolers from 9–12 grades.

Based on student sex, race/ethnicity, and grade, weight was applied to each respondent to adjust for
nonresponse and oversampling of minority students. The overall weights were scaled so that the weighted
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count of students equals the total sample size, and the weighted proportions of students in each grade match
the national population proportions. The YRBS survey has been approved by Institutional Review Board at
the Centre for Disease Control of the US. 13,872 study participants completed the questionnaire in the
2019 YRBS survey, of which 13,677 cases can be analyzed. The overall response rate of the 2019 YRBS
survey was 60.3%, calculated by the school response rate (75.1%) × the student response rate (80.3%).

2.2 Measures

2.2.1 Figure Format
Depressive symptoms were assessed by the item question “During the past 12 months, did you ever feel

so sad or hopeless almost every day for two weeks or more in a row that you stopped doing some usual
activities?” Responses were yes or no. Study participants answering yes were treated as having depressive
symptoms. This item has been used to measure depressive symptoms in some published studies.
Although there are limitations to measuring depressive symptoms with a single item, the presence of
depressive mood and deterioration of functioning on most days during a period of two weeks can suggest
the possible occurrence of depressive episodes [31,32]. YRBS questionnaire has shown acceptable
reliability and validity among adolescents [33].

2.2.2 Lifestyle Behavior Factors (Explanatory Variables)
A total of 13 explanatory variables were used, including physical activity, muscle-strengthening

exercise, physical education, sports teams, television viewing, video or computer games, sleep, fruit
intake, vegetable intake, milk intake, breakfast, alcohol use, and cigarette use. All the explanatory
variables were selected considering their significant association with depressive symptoms in the previous
literature, as well as their availability in the datasets. Items measuring these variables are listed in Table 1.

Table 1: Explanatory variables

Variables Questions Categories

Physical activity During the past 7 days, on how many days were you physically
active for a total of at least 60 min per day? (Add up all the time
you spent in any kind of physical activity that increased your
heart rate and made you breathe hard some of the time)

Less than 7 days,
7 days

Muscle-
strengthening
exercise

During the past 7 days, on how many days did you do exercises
to strengthen or tone your muscles, such as push-ups, sit-ups, or
weightlifting?

Less than 3 days,
3 days or more

Physical
education

In an average week when you are in school, on how many days
do you go to physical education classes?

0 days, 1 days or
more

Sports teams During the past 12 months, on how many sports teams did you
play? (Count any teams run by your school or community
groups)

0 teams, 1 team or
more

Television
watching

On an average school day, how many hours do you watch TV? Less than 3 h, 3 h or
more

Video or
computer games

On an average school day, how many hours do you play video or
computer games or use a computer for something that is not
schoolwork? (Count time spent playing games, watching videos,
texting, or using social media on your smartphone, computer,
Xbox, PlayStation, iPad, or other tablets)

Less than 3 h, 3 h or
more

(Continued)
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2.2.3 Control Variables
Sex (female or male), age (12–18 years old, including 12 years old or younger, 18 years old or older),

grade (9th–12th), race (white, black or African American, Hispanic/Latino, or all other races). Study
participants’ status of overweight or obesity was determined by body mass index that was estimated
based on self-reported height and weight. These variables were treated as control variables in the further
statistical analysis.

2.3 Statistical Analysis
All statistical analyses were performed using SPSS 26.0. Missing data were not imputed. All the

statistical analyses took complex sampling design into consideration for nationally representative
estimates according to the YRBS design. The weighted percentage of each variable was also reported
with a 95% confidence interval. Binary logistic regression was utilized to assess the associations of
lifestyle behavior with depressive symptoms while controlling for sex, age, grade, race, overweight, and
obesity. Adjusted odds ratios with 95% CI were reported to assess the associations of lifestyle behavior
with depressive symptoms. The above statistical analysis was run through the Complex Sample Module
in the SPSS. Statistical significance was set up as p < 0.0025 (0.05/20) as 20 independent variables were
included in the final regression model.

3 Results

Table 1 displays the sample characteristics of this study. For the YRBS 2019 survey, 13677 participants
completed the investigation. Of them, girls were more than boys (50.3% vs. 48.6%). A few of the participants
were grouped as 11 or 12 years old, while most of them ranged from 15–17 years old. The proportion of

Table 1 (continued)

Variables Questions Categories

Sleep On an average school night, how many hours of sleep do you
get?

Less than 8 h, 8 h or
more

Fruit intake During the past 7 days, how many times did you eat fruit? (Do
not count fruit juice)

Not eat, Eat

Vegetable intake During the past 7 days, how many times did you eat green salad? Not eat, Eat

During the past 7 days, how many times did you eat potatoes?
(Do not count french fries, fried potatoes, or potato chips)

During the past 7 days, how many times did you eat carrots?

During the past 7 days, how many times did you eat other
vegetables? (Do not count green salad, potatoes, or carrots)

Milk intake During the past 7 days, how many glasses of milk did you drink?
(Count the milk you drank in a glass or cup, from a carton, or
with cereal. Count the half-pint of milk served at school as equal
to one glass)

Not drink, Drink

Breakfast During the past 7 days, on howmany days did you eat breakfast? Not eat, Eat

Alcohol use During the past 30 days, on how many days did you have at least
one drink of alcohol?

Not drink, Drink

Cigarette use During the past 30 days, on how many days did you smoke
cigarettes?

Not smoke, Smoke
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participants in grades 9, 10, 11, and 12 was 26.6, 27.2, 24.3, and 20.8, respectively. Participants with the race
of white account for the whole participants predominantly. Concerning obesity and overweight, the
prevalence of them was 14.1% and 13.1%, respectively. The weighted results can be also found in Table 2.

Table 3 presents the prevalence (unweighted and weighted) of each lifestyle behavior included in the
study and depressive symptoms. The prevalence of four healthy physical activity-related variables was all
less than half, ranging from 21.6% (sufficient physical activity) to 40.5% (sports team participation).
Similarly, participants who slept for more than 8 years nightly also account for a minor proportion
(21.4%). On the contrary, the prevalence of healthy screen use-related variables was high (television
watching hours: 74.6%, played video or computer games or used a computer: 53.0%). Besides, the

Table 2: Sample characteristics

n % Weighted% (95% CI)

Sex Female 6885 50.3 49.4 (47.9, 50.9)

Male 6641 48.6 50.6 (49.1, 52.1)

Missing 151 1.1 NR

Age 12 years old or younger 60 0.4 0.3 (0.2, 0.5)

13 years old 27 0.2 0.1 (0.0, 0.2)

14 years old 1699 12.4 11.9 (10.9, 13.0)

15 years old 3473 25.4 24.8 (23.5, 26.0)

16 years old 3628 26.5 25.6 (24.5, 26.7)

17 years old 3102 22.7 23.7 (22.5, 24.8)

18 years old or older 1616 11.8 13.7 (12.6, 14.9)

Missing 72 0.5 NR

Grade 9th 3637 26.6 26.6 (25.4, 28.0)

10th 3717 27.2 25.5 (24.7, 26.3)

11th 3322 24.3 24.3 (23.2, 25.4)

12th 2850 20.8 23.6 (22.4, 24.8)

Missing 151.0 1.1 NR

Race White 6668 48.8 51.2 (46.4, 56.0)

Black or African American 2040 14.9 12.2 (10.3, 14.6)

Hispanic/Latino 3038 22.2 26.1 (21.8, 30.9)

All other races 1493 10.9 10.5 (7.9, 13.9)

Missing 438 3.2 NR

Overweight Yes 1933 14.1 16.1 (14.9, 17.5)

No 10207 74.6 83.9 (82.5, 85.1)

Missing 1537 11.2 NR

Obesity Yes 1795 13.1 15.5 (13.8, 17.3)

No 10345 75.6 84.5 (82.7, 86.2)

Missing 1537 11.2 NR
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prevalence of unhealthy diet behaviors was low, ranging from 5.3% (currently smoking) to 26.8% (currently
alcohol use). The prevalence of depressive symptoms was 36.0% in the study sample.

Table 3: Prevalence of lifestyle characteristics and depressive symptoms

n % Weighted% (95% CI)

Physical activity Less than 7 days 10266 75.1 76.8 (75.4, 78.1)

7 days 2954 21.6 23.2 (21.9, 24.6)

Missing 457 3.3

Muscle-strengthening exercise Less than 3 days 4353 31.8 50.5 (48.7, 52.4)

3 days or more 4121 30.1 49.5 (47.6, 51.3)

Missing 5203 38.0

Physical education attendance 0 days 5865 42.9 47.8 (42.6, 53.1)

1 days or more 5423 39.7 52.2 (46.9, 57.4)

Missing 2389 17.5

Sports team participation 0 teams 4242 31.0 42.6 (39.6, 45.7)

1 team or more 5545 40.5 57.4 (54.3, 60.4)

Missing 3890 28.4

Television watching Less than 3 h 10200 74.6 80.2 (78.7, 81.7)

3 h or more 2596 19.0 19.8 (18.3, 21.3)

Missing 881 6.4

Video or computer games Less than 3 h 7246 53 53.9 (52.1, 55.6)

2 h or more 5931 43.4 46.1 (44.4, 47.9)

Missing 500 3.7

Sleep Less than 8 h 2930 21.4 22.1 (20.6, 23.7)

8 h or more 10175 74.4 77.9 (76.3, 79.4)

Missing 572 4.2

Fruit intake Not eat 1631 11.9 11.9 (10.5, 13.4)

Eat 11255 82.3 88.1 (86.6, 89.5)

Missing 791 5.8

Vegetable intake Not eat 992 7.3 7.9 (7.1, 8.7)

Eat 10765 78.7 92.1 (91.3, 92.9)

Missing 1920 14.0

Milk intake Not drink 2919 21.3 30.6 (29.0, 32.3)

Drink 6570 48 69.4 (67.7, 71.0)

Missing 4188 30.6

Breakfast Not eat 1956 14.3 16.7 (15.3, 18.1)

Eat 9637 70.5 83.3 (81.9, 84.7)

Missing 2084 15.2
(Continued)
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Table 4 shows the associations between each lifestyle behavior and depressive symptoms. Participating
in no sports team was associated with a higher odds (1.53 [1.32–1.77]) of depressive symptoms than
participating in at least one. Spending more than 2 h per day on video or computer or using a computer
was associated with a higher OR (1.64 [1.40–1.92)] of depressive symptoms than spending less. Sleeping
less than 8 h nightly was associated with a higher OR (1.79 [1.45–2.20]) of depressive symptoms than
sleeping more. Besides, not eating breakfast (OR = 1.56 [1.37–1.78]), currently smoking (OR =
1.74 [1.49–2.02]). Both alcohol use (OR = 1.83 [1.42–2.37]) and cigarette use (OR = 1.83 [1.42, 2.37])
were associated with higher odds of depressive symptoms.

Table 3 (continued)

n % Weighted% (95% CI)

Alcohol use Not drink 3669 26.8 29.2 (27.3, 31.2)

Drink 8942 65.4 70.8 (68.8, 72.7)

Missing 1066 7.8

Cigarette use Not smoke 726 5.3 6.0 (5.0, 7.2)

Smoke 11591 84.7 94.0 (92.8, 95.0)

Missing 1360 9.9

Depressive symptoms Not smoke 4926 36 36.7 (35.1, 38.3)

Smoke 8495 62.1 63.3 (61.7, 64.9)

Missing 256 1.9

Table 4: Associations between lifestyle behaviors and depressive symptoms indicated by the logistic regression
model

OR (95% CI)

Physical activity 7 days Reference

Less than 7 days 1.10 (0.94, 1.29)

Muscle-strengthening exercise 3 days or more Reference

Less than 3 days 0.96 (0.84, 1.08)

Physical education attendance 1 days or more Reference

0 days 0.98 (0.82, 1.17)

Sports team participation 1 team or more Reference

0 teams 1.53 (1.32, 1.77)

Television watching 2 h or less Reference

More than 2 h 1.00 (0.80, 1.25)

Video or computer games 2 h or less Reference

More than 2 h 1.64 (1.40, 1.92)

Sleep 8 h or more Reference

Less than 8 h 1.79 (1.45, 2.20)

Fruit intake Not eat Reference

Eat 0.95 (0.70, 1.30)
(Continued)
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4 Discussion

The present study aimed to examine the association between lifestyle behaviors (e.g., eating, movement,
and substance use) and depressive symptoms in adolescents using the data collected in 2019 from the
national US YRBS survey. We mainly found that no sports team participation, spending more than 2 h
per day on video or computer games, shorter sleep duration (less than 8 h per day), not eating breakfast,
alcohol use, and cigarette use were associated with self-reported confirmed depressive symptoms in the
US adolescents. Yet, physical activity, muscle-strengthening exercise, physical education attendance,
television watching, fruit intake, and milk intake were not associated with depressive symptoms. The
current study has some implications on lifestyle behavior changes for the prevention and intervention of
depressive symptoms in adolescents. Although some meaningful associations were found, no causal
inference can be drawn due to the cross-sectional study design. A discussion of our research findings and
public health implications is analyzed further.

In the present study, we found that adolescents who participated in team sports were less likely to self-
report depressive symptoms, which is consistent with the previous studies [34–36]. This longitudinal study
showed that team sport participation during adolescence was longitudinally associated with lower depressive
symptoms in early adulthood [34]. The potential explanation may be that team sports participation can
provide social connections, feelings of belongingness, and perceptions of enjoyment, which can be
viewed as a treatment for lowering depressive symptoms [35,37]. In addition, the positive experiences
like peer support and skill development gained by team sport participation can enhance perceived social
acceptance and reduce body dissatisfaction [36], which, in turn, may be beneficial to preventing
depressive symptoms [38]. Another 10-year prospective study revealed that current and past team sport
participation were both negatively linked to depressive symptoms [35]. Therefore, sports team
participation could be an important way to prevent depressive symptoms in adolescents.

Our study showed that video or computer games time was positively associated with increased odds of
depressive symptoms in adolescents. This is consistent with some previous studies that support the positive
association between screen time and depressive symptoms [39,40]. However, the existing evidence also
indicated that video gaming [41] or computer use [42] were not associated with increased depressive
symptoms among adolescents, which is discordant with our research findings. The possible explanation
may be that adolescents play video or computer games with friends, which is not socially isolated, and

Table 4 (continued)

OR (95% CI)

Vegetable intake Eat Reference

Not eat 0.77 (0.63, 0.96)

Milk intake Drink Reference

Not drink 1.08 (0.93, 1.26)

Breakfast Eat Reference

Not eat 1.56 (1.37, 1.78)

Alcohol use Not drink Reference

Drink 1.74 (1.49, 2.02)

Cigarette use Not smoke Reference

Smoke 1.83 (1.42, 2.37)
Note: Reference = no depressive symptoms. Variables with significant odds ratios (ORs) are bold.
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then can be beneficial to adolescents’ mental well-being, reducing the odds of depressive symptoms [43,44].
Hence, this implies that when examining the associations between video or computer games time and
depressive symptoms, the associated contexts should be investigated, like with whom to play, and play
what kinds of games, this would be beneficial to understand the mechanism linking video or computer
games and depressive symptoms. Merely based on our research findings, reducing time for video or
computer games may be a good way to limit the development of depression in adolescents. Interestingly,
in our study, television viewing time was not associated with depressive symptoms, which is consistent
with Maras et al. [39]. However, this finding is contradictory to the assumption that more screen time is
positively associated with depression. To gain insights into the association between screen time and
depression, distinguishing kinds of screen time is needed and meaningful.

Compared with adolescents with more than 8 h of nightly sleep duration, those who had insufficient
sleep duration (no more than 8 h) were more likely to report having depressive symptoms in our study,
which is consistent with several prior studies [45–47]. The literature has shown that insufficient sleep
duration was associated with difficulties in emotion control [48], risk behaviors [49], and suicidal
behavior [50], which have also been identified as factors of depressive symptoms [51]. Although the
bidirectional relationship between sleep duration and depressive symptoms cannot be explored in this
study, the previous study has indicated that depressive symptoms caused by insufficient sleep duration
will lead to sleep quality in children and adolescents [45]. Considering the relatively high prevalence of
depressive symptoms (weighted percentage = 36.7%), the regulation of sleep duration may be an
important means to prevent depressive symptoms in adolescents.

Apart from the above-discussed lifestyle behaviors factors, our study also found that eating behaviors,
including vegetable intake, and eating breakfast, were also associated with depressive symptoms in
adolescents. Though previous studies have demonstrated that eating vegetables can digest antioxidants
and anti-inflammatory ingredients which have been shown to have a protective impact on depression
development [52,53], findings in the present study (not eating vegetables was associated with lower risks
for depression symptoms) contradicted the previous research findings. This unexpected research finding
cannot be supported by current knowledge, and we call for more studies to confirm or negate our results.
In addition, we found that not eating breakfast was associated with increased depressive symptoms in
adolescents. Although limited studies targeted this topic, a significant association between eating
breakfast and depression has been observed in adolescents [54,55].

Alcohol use [56] and cigarette use [57] were positively associated with depressive symptoms in our
study, which is consistent with a population-based sample study [54]. Besides, one review study showed
that a large number of longitudinal research evidence have identified the positive relationships between
smoking and depressive symptoms in adolescents [57]. The previous studies revealed that neurochemical
pathways damaged by exposure to nicotine (such as monoamine neurotransmission) may explain this
cross-sectional association between smoking and depressive symptoms [58,59]. Several potential
explanations may contribute to the association between alcohol use and depressive symptoms. For
example, youth with heavy alcohol use has negative impacts on the emotional functioning area in the
brain, which may cause depressive symptoms [60]. In addition, evidence has revealed that alcohol use
was also related to environmental stressors (e.g., poor academic performance, social relationships),
biological changes, and emotional disorders, which are all associated with inducing bad mood problems
[11]. Based on our research findings, limiting substance use can play an important role in reducing
depressive symptoms in adolescents.

Some counterintuitive research findings are worth discussing. For example, sufficient physical activity
was not associated with depressive symptoms in our study, which is inconsistent with the established
evidence [21,61]. Possible explanations may be owing to the inclusion of muscle-strengthening exercise
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and sports team participation, offsetting the roles of physical activity on depressive symptoms. As for the
measure of physical activity, it might be more difficult to respond to days of physical activity reliably and
accurately compared with measures of muscle-strengthening exercise and sports team participation,
because the latter two measures were easier to recall. This reason can explain why physical activity was
not associated with depressive symptoms. Concerning physical education, as a form of physical activity,
it is unexpected to be not associated with depressive symptoms based on previous studies. However, a
recent systematic review and meta-analysis indicated that physical education was not associated with any
indicators of mental health or illness [62], which is consistent with our study. Muscle-strengthening
exercise, as a recently studied form of physical activity, has been indicated negatively associated with
depression symptoms in adults [63,64] and adolescents [65]. Yet, we did not such a significant
association, perhaps owing to methodological differences or different sample characteristics. Collectively,
in our study, these counterintuitive research findings should be re-examined in future studies.

The current study includes some strengths, of which one is using a nationally representative sample that
can increase the generalizability of research findings and the other one is the inclusion of many lifestyle
behaviors factors that can determine the specific association between different kinds of lifestyle behaviors
factors and depressive symptoms. However, some study limitations of the current study should be
acknowledged in light of a better understanding of the research findings. First, the secondary analysis
study is limited by the cross-sectional nature of YRBS, leading to the failure to determine casual
associations. Therefore, behaviors studied in the current study may actually be the manifestation of
depression symptoms, such as insufficient sleep, which can be raised by sleep disturbance caused by
depressive symptoms. Not participating in the sports team, though set as an explanatory variable, may
also be the outcome of depressive symptoms, because depressive individuals always lose interest in
activities and feel fatigued. Second, the self-reported measures that this study used may have negative
impacts on the assessment. Third, specific associations between various lifestyle behaviors and depressive
symptoms were not examined, and strong associations between lifestyles, such as screen time and
smoking and alcohol consumption, were potentially linked. Fourth, the outcome (depressive symptoms)
of this study was assessed by a single-item question asking about a two-week period of persistent
depressive feelings, along with a decline in functioning in the past year. This is considered to be a
criterion but is not sufficient for a definite diagnosis of depression. By using simplified diagnostic criteria,
the prevalence of depressive symptoms may have been overestimated. However, this item is still
meaningful for understanding youth mental health status in such a large sample size from a nationwide
general adolescent population survey. Future research is highly recommended to explore the association
between lifestyle behaviors and depressive symptoms using more improved study designs, which can, in
turn, negate or confirm our study findings.

5 Conclusion

This cross-sectional study suggests that different lifestyle behaviors have varied associations with
depressive symptoms in children and adolescents. Specifically, engaging in sports team participation,
reducing time for video or computer games time, sleeping enough, regularly eating breakfast, avoiding
alcohol, and smoking might be some important protective lifestyle behaviors against depression
symptoms. Behavioral change strategies or mental health interventions can consider our research findings
to design or implement efficient plans to reduce depressive symptoms and then inhibit developing
depression in adolescents. Future studies are encouraged to improve study design, which can negate or
confirm our research findings reliably.
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