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Abstract: Screen time is negatively associated with markers of health in western youth, but very
little is known about these relationships in Chinese youth. Middle-school and high-school students
(n = 2625) in Wuhan, China, completed questionnaires assessing demographics, health behaviors,
and self-perceptions in spring/summer 2016. Linear and logistic regression analyses were conducted
to determine whether, after adjustment for covariates, screen time was associated with body mass
index (BMI), eating behaviors, average nightly hours of sleep, physical activity (PA), academic
performance, and psychological states. Watching television on school days was negatively associated
with academic performance, PA, anxiety, and life satisfaction. Television viewing on non-school days
was positively associated with sleep duration. Playing electronic games was positively associated
with snacking at night and less frequently eating breakfast, and negatively associated with sleep
duration and self-esteem. Receiving electronic news and study materials on non-school days was
negatively associated with PA, but on school days, was positively associated with anxiety. Using social
networking sites was negatively associated with academic performance, but positively associated
with BMI z-score, PA and anxiety. Screen time in adolescents is associated with unhealthy behaviors
and undesirable psychological states that can contribute to poor quality of life.

Keywords: screen time; unhealthy eating behaviors; academic performance; mental health;
Chinese adolescents

1. Introduction

Healthy behaviors are learned in adolescence [1]. Healthy eating, physical activity (PA),
and positive self-perceptions are important for quality of life and physical health [2]. Screen-based
behaviors (e.g., television viewing and using social networking sites) are key leisure activities among
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adolescents [3], and the cumulative time spent engaged in these behaviors is often thought of as a
youth risk behavior [4–6]. Population estimates show that between 40% and 80% of young people
exceed screen time recommendations [7,8].

Since the establishment of recommendations for pediatric screen times [3], an increase in the
number and volume of sedentary activities negatively impacting positive behaviors [9] and overall
wellbeing [10] has been observed. These effects include less time for PA and sleep [9], poorer academic
performance [11], and higher risk of obesity and becoming overweight [12]. Screen-based behaviors
may have negative psychological effects [3], and may further impact health through behavioral
mediators [3] such as unhealthy eating and PA habits [13,14].

Chinese youth experience many cultural influences that may promote screen-based behaviors
more than for their western peers. For example, many adolescents in China and other eastern Asian
countries attend “cram schools” (i.e., test preparation centers) or employ private teachers to enhance
their academic achievement [15]. The additional time spent in class, tutoring, or studying may limit
the available time for PA or sleep and promote screen-based behaviors such as information seeking on
the internet, which may negatively affect academic performance [15]. A study conducted in Beijing,
China, showed that using computers, watching TV and playing e-games for more than two hours
per day influenced middle school students to become overweight [16]. Other studies indicated that,
for a number of reasons, Chinese teenagers did not spend enough time on PA [17–19], which may
have led to obesity or certain mental diseases [18,20]. For Chinese adolescents aged from seven to 18,
the prevalence of obesity increased from 1.63% in 1991 to 5.99% in 2011 (2.36% to 7.27% for boys and
1.40% to 4.64% for girls) [21].

Unfortunately, very few studies examining the impacts of screen-based behaviors have been
conducted in Asian adolescents. Therefore, the aim of this study was to determine the amount of
time adolescents in Wuhan, China, spent on screen-based behaviors, and the associations of this
with adiposity, unhealthy eating behaviors, sleep, PA, academic performance, anxiety, self-esteem,
and life satisfaction.

2. Materials and Methods

2.1. Study Population

A cross-sectional survey was conducted at two schools, a middle school and a high school,
in Wuhan, Hubei, China, during the late spring/early summer of 2016. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee
of Wuhan University (Project identification code 2016031269). All adolescents (n = 3059) enrolled
in grades 7–12 were invited to participate in the study via a recruitment letter and consent form
sent home to parents; written informed consent was obtained from a parent or guardian. For those
providing consent, a survey was sent home to be completed and returned to school. Of those who
consented, 149 respondents did not return the questionnaire, and 282 respondents did not provide
essential information (i.e., grade, sex, eating behaviors, sleeping time and screen time variables).
Two respondents older than 19 years of age and a respondent younger than 12 were excluded; this
resulted in a final sample size of 2625 youths aged 13–18 years (86% of those contacted). All procedures
were approved by the Wuhan University Ethics Board and the medical school district administrators.

2.2. Measures

The school and grade of each student was recorded by study staff; date of birth, sex, height and
weight were self-reported. Age, body mass index (BMI: weight in kg/height in m2), and sex and age
standardized BMI (BMI z-score) were calculated [22].

Students were asked how many hours a day they usually spent watching television, playing
e-games, receiving news or study materials from electronic devices, using social media sites or apps,
and watching videos both on school days and on non-school days. Total hours per week of overall
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screen-based behaviors was calculated per type of screen-based behaviors. Response options referred
to daily use (≤1, 2–3, 3–4, and >4 h/day). We collapsed “use, but not daily” and “do not use” [2] into
four categories: “never”, “not every day”, “<1 h, 2–4 h”, and “>4 h daily”.

Academic performance was approximated by using an informal ranking scale based on students’
self-reports of scores on the last cumulative examination in their grade; options were top 20%, 20–40%,
40–60%, 60–80%, and lowest 20%. Answer selections were collapsed into two categories split at the
median for analysis; the top 40% were coded as 1 and the last 60% were coded as 0.

Regarding unhealthy eating behaviors, students were asked how many times per week they
skipped breakfast or had a late-night snack (after dinner). Answer options were none, 1, 2–3, 4–5, or all
7 days [23]. A dichotomous variable was created for skipping breakfast, to reflect consumption on all
7 days (coded as 1), as opposed to all other options (coded as 0) [24]. For late-night snacking, we created
a dichotomous variable; participants who never snacked at night were coded as 1, and participants
who reported snacking at night were coded as 0.

Regarding sleep duration, students were asked how many hours they typically slept at night on
school days. The response options were <4, 5, 6, 7, 8, 9, or >10 h. A dichotomous variable was created
with respondents who slept <8 h per night on school days being coded as 0, and those sleeping ≥8 h
per night being coded as 1 [25].

Since strenuous PA is strongly [26] and independently associated with markers of cardio metabolic
health [27], and can be more reliability assessed than light or moderate PA [28], we assessed only
strenuous PA [28]. Students were asked whether they engaged in strenuous activity, equal to or more
than three days a week (Yes = 1, No = 0). Strenuous activity was defined as sports, games, or dance
that made them breathe hard, made their legs feel tired, or made them sweat [10].

The Middle School Student Mental Health Scale developed by Wang [29] was used to assess
adolescents’ levels of anxiety. Participants were asked to quantify their anxiety during the previous
seven days. The scale is comprised of six items scored on a five-point Likert-type scale. Responses
were summed to derive an anxiety score ranging from 6 to 30 (with higher scores indicating higher
levels of anxiety) [29].

The Satisfaction With Life Scale [30] was used to measure life satisfaction of participants. Students
completed a seven-point Likert-type response scale in response to five items; answers were summed
to create a life satisfaction score for each student. The possible range of scores was 5–35, with 20
representing the mid-point (5–19 indicating dissatisfied; 21–35 indicating satisfied) [31].

The Rosenberg Self-Esteem Scale [32] was used to assess participants’ self-esteem. Students
answered 10 questions using a four-point Likert-type scale. Five items were positively worded and
five were negatively worded. Items were summed with the negatively worded items reverse-coded to
produce a self-esteem score from 0 to 30 (with higher scores indicating higher self-esteem) [33].

2.3. Statistical Analysis

All analyses were conducted using Stata 14 (StataCorp LLC, College Station, TX, USA).
The distributions of each of the continuous outcome variables were assessed for normality. Because
BMI was positively skewed, age and sex adjusted BMI z-scores [22] were calculated and dichotomized
to overweight/obese (=0) or normal/underweight (=1). Because anxiety was positively skewed, a log
transformation was applied.

Pearson’s chi-squared test (χ2) was conducted to examine differences in dependent variables
by gender. Forced entry logistic regression analyses were used to examine the association between
screen time (hours/week) and BMI z-score, unhealthy eating behaviors, sleep, PA, and academic
performance-dependent variables. Ordinal least squares linear regression analyses were used to
examine the association between screen time and psychological states the dependent variable. Models
were adjusted for age and sex. Distributions and frequencies for each category of variables were
examined, and unstandardized regression coefficients (b), standard error (SE), odds ratios (OR),
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and p-values were calculated, where appropriate, to determine the relationships between screen time
and the dependent variables.

3. Results

3.1. Descriptive Characteristics

Approximately 53% of the sample was male, nearly 58% of students were enrolled in high school
(grades 10–12), and the average age was 15.1 years (SD = 1.70). Based on BMI z-score, most participants
(85.26%) were considered normal weight or underweight, whilst 14.74% were classified as overweight
or obese. Approximately 40% of students exceeded screen time recommendations of less than 14 h
per week (<2 h per day, on average). Nearly 48% of students reported being in the top 40% in grade
rankings following their final examination. Approximately 77% of students reported consuming
breakfast every day, and nearly 45% of students reported snacking at night. Most students (56%)
reported sleeping less than eight hours per night on school days. Only 38.7% of the participants
reported strenuous activity on more than three days a week. Very few participants (4.23%) reported
high levels of anxiety; however, 60.72% were dissatisfied with their lives, and 72.11% reported low
self-esteem (Table 1).

Table 1. Demographic characteristics of participating youth (n = 2625) and Chi-square analyses by
gender for all dependent variables.

Characteristics
Whole Sample (n = 2625) Male (n = 1394) Female (n = 1231)

n % n % n % X2 p 1

Gender

Male 1394 53.10 - - - -
Female 1231 46.90 - - - -

Grade 3.2779 0.070

Junior High School 1115 42.48 615 55.16 500 44.84
Senior High School 1510 57.52 779 51.59 731 48.41

Body mass index (BMI) z-score 88.9348 0.000

Underweight/Normal 2238 85.26 1103 49.29 1135 50.71
Overweight/Obese 387 14.74 291 75.19 96 24.81

Screen time (hour/week) 10.2942 0.006

0–7.0 h 539 22.59 309 52.11 284 47.89
7.5–14.0 h 1102 41.98 553 50.18 549 49.82
>14.0 h 930 35.43 532 57.20 398 42.80

Watching TV 39.9247 <0.001

Never 1677 63.89 813 58.32 864 70.19
Not every day or <1 h 855 32.57 524 37.59 331 26.89
2–4 h 74 2.82 45 3.23 29 2.36
>4 h 19 0.72 45 0.86 7 0.57

Playing e-games 45.0151 <0.001

Never 1807 68.84 884 63.41 923 74.98
Not every day or <1 h 687 26.17 422 30.27 265 21.53
2–4 h 104 3.96 66 4.73 38 3.09
>4 h 27 1.03 22 1.58 5 0.41

Electronic news/study materials 9.1870 0.027

Never 1110 42.29 624 44.76 486 39.48
Not every day or <1 h 1153 43.92 577 41.39 576 46.79
2–4 h 303 11.54 159 11.41 144 11.70
>4 h 59 2.25 34 2.44 25 2.03

Using Social networking sites (SNS) 2.4643 0.482

Never 1237 47.12 668 47.92 569 46.22
Not every day or <1 h 1056 40.23 547 39.24 509 41.35
2–4 h 224 8.53 116 8.32 108 8.77
>4 h 108 4.11 63 4.52 45 3.66

Watching videos 1200 <0.001

Never 1617 61.60 827 59.33 790 64.18
Not every day or <1 h 785 29.90 425 40.49 360 29.24
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Table 1. Cont.

Characteristics
Whole Sample (n = 2625) Male (n = 1394) Female (n = 1231)

n % n % n % X2 p 1

2–4 h 170 6.48 103 7.39 67 5.44
>4 h 53 2.02 39 2.80 14 1.14

Academic performance 0.0014 0.970

First 40% 1257 47.89 668 53.14 589 46.86
Last 60% 1368 52.11 726 53.07 642 46.93

Frequent breakfast 0.4324 0.511

No 616 23.47 320 51.95 296 48.05
Yes 2009 76.53 1074 53.46 935 46.54

Snacking at night 49.3791 0.000

Frequently 1193 45.45 723 60.60 470 39.40
Rarely 1432 54.55 671 46.86 761 53.14

Typical nightly sleep 35.0139 0.000

<8 h 1482 56.46 712 48.04 770 51.96
≥8 h 1143 43.54 682 59.67 461 40.33

Physical activity (PA) 2 58.0788 0.000

Inactive 1608 61.26 759 47.20 849 52.80
Active 1017 38.74 635 62.44 382 37.56

Anxiety score 3 3.8691 0.144

6–17 2200 83.81 1174 53.36 1026 46.64
18–23 314 11.96 171 54.46 143 45.54
24–30 111 4.23 49 44.14 62 55.86

Life satisfaction score 4 9.7196 0.008

5–19 1594 60.72 833 52.26 761 47.74
20 292 11.12 180 61.64 112 38.36
21–35 739 28.15 381 51.56 358 48.44

Self-esteem score 5 6.4574 0.040

<15 1893 72.11 1034 54.62 859 45.38
15–25 725 27.62 356 49.10 369 50.90
26–30 7 0.27 4 57.14 3 42.86

1 Boldface indicates statistical significance (p < 0.05). 2 Self-reported “strenuous activity” on ≥3 days in a typical
week (Yes = Active; No = Inactive). 3 Assessed via the Middle School Student Mental Health Scale (6–17 = Low,
18–23 = Moderate, and 24–30 = Severe anxiety). 4 Assessed via the Satisfaction with Life Scale (5–19 = Dissatisfied,
20 = Neither Satisfied or Dissatisfied, and 21–35 = Satisfied with life). 5 Assessed via the Rosenberg Self-Esteem
Scale (26–30 = High, 15–25 = Normal, and <15 = Low self-esteem).

3.1.1. Academic Performance

After adjusting for grade and sex, more than four hours spent on social networking sites on
both school days (OR = 0.412, p = 0.002) and non-school days (OR = 0.577, p = 0.001) was negatively
associated with academic performance. Watching television for two to four hours (OR = 0.534, p = 0.027)
and watching videos less than one hour on school days or not every day (OR = 0.760, p = 0.021) were
also negatively associated with academic performance (Table 2).

Table 2. The relation of academic performance and screen time components (n = 2625).

Characteristics

Academic Performance 1

School Day Behaviors Non-School Day Behaviors

OR SE p 2 OR SE p

Age 1.014 0.025 0.575 1.030 0.025 0.224

Gender 0.956 0.078 0.580 1.006 0.089 0.942

Watching TV

Never Ref.
not every day or <1 h 0.889 0.092 0.256 1.041 0.124 0.731
2–4 h 0.534 0.152 0.027 0.930 0.103 0.514
>4 h 1.754 1.062 0.353 0.755 0.115 0.066

Playing e-games 3

Never Ref.
not every day or <1 h 1.035 0.123 0.775 0.810 0.095 0.073
2–4 h 1.173 0.286 0.512 0.933 0.110 0.558
>4 h 0.402 0.250 0.143 1.005 0.149 0.971
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Table 2. Cont.

Characteristics

Academic Performance 1

School Day Behaviors Non-School Day Behaviors

OR SE p 2 OR SE p

Electronic news/study
materials

Never Ref.
not every day or <1 h 1.137 0.124 0.242 1.210 0.183 0.206
2–4 h 0.859 0.143 0.363 1.093 0.164 0.554
>4 h 0.955 0.354 0.902 1.043 0.181 0.809

Using SNS 4

Never Ref.
Not every day or <1 h 1.026 0.119 0.823 0.876 0.133 0.384
2–4 h 0.700 0.131 0.056 0.798 0.122 0.142
>4 h 0.412 0.119 0.002 0.577 0.099 0.001

Watching videos

Never Ref.
Not every day or <1 h 0.760 0.091 0.021 0.833 0.123 0.215
2–4 h 0.733 0.156 0.144 0.934 0.133 0.634
>4 h 0.956 0.379 0.911 0.864 0.146 0.388

Log Likelihood −1782.46 −1796.7641

Model L-squared 69.41 40.80
1 0 = 60th–100th percentile; 1 = <40th percentile. 2 Values in bold are statistically significance (p < 0.05). 3 e-games:
Electronic games. 4 SNS: Social networking sites.

3.1.2. Unhealthy Eating Behaviors

Playing electronic games for less than one hour or more than 4 h on both school days and
non-school days was negatively associated with frequent breakfast consumption (Table 3). On school
days, watching television for two to four hours daily was positively associated with snacking at night
(OR = 2.084, p = 0.007). On non-school days, watching television not every day, less than 1 h per day
(OR = 1.346, p = 0.015), or more than 4 h per day (OR = 1.450, p = 0.017) was positively associated with
snacking at night, as was playing electronic games (OR = 1.698, p = 0.000).

Table 3. The relation of frequent breakfast, non-snacking at night and screen time components (n = 2625).

Characteristics

Frequent Breakfast 1 Snacking at Night 2

School Day Behaviors Non-School Day
Behaviors School Day Behaviors Non-School Day

Behaviors

OR SE p 3 OR SE p OR SE p OR SE p

Age 1.159 0.033 0.000 1.189 0.033 0.000 1.262 0.032 0.000 1.245 0.031 0.000

Gender 0.897 0.087 0.262 0.896 0.093 0.292 0.591 0.049 0.000 0.636 0.057 0.000

Watching TV

Never Ref. Ref.
Not every day or <1 h 0.949 0.114 0.662 1.097 0.157 0.520 1.112 0.118 0.315 1.346 0.164 0.015
2–4 h 1.229 0.366 0.488 1.023 0.136 0.862 2.084 0.565 0.007 1.059 0.121 0.617
>4 h 2.370 1.600 0.201 0.949 0.167 0.764 1.386 0.787 0.565 1.450 0.225 0.017

Playing e-games 4

Never Ref. Ref.
Not every day or <1 h 0.715 0.095 0.012 0.674 0.094 0.005 1.194 0.145 0.145 1.2313 0.148 0.084
2–4 h 1.107 0.294 0.700 0.897 0.129 0.448 1.134 0.275 0.604 1.228 0.150 0.092
>4 h 0.463 0.238 0.134 0.691 0.120 0.033 0.908 0.454 0.846 1.698 0.256 0.000

Electronic news/study
materials

Never Ref. Ref.
Not every day or <1 h 1.172 0.156 0.233 1.182 0.213 0.355 0.962 0.108 0.729 0.944 0.146 0.708
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Table 3. Cont.

Characteristics

Frequent Breakfast 1 Snacking at Night 2

School Day Behaviors Non-School Day
Behaviors School Day Behaviors Non-School Day

Behaviors

OR SE p 3 OR SE p OR SE p OR SE p

2–4 h 0.824 0.150 0.291 0.978 0.174 0.901 0.770 0.130 0.122 0.872 0.134 0.373
>4 h 0.729 0.276 0.403 0.887 0.179 0.553 0.672 0.243 0.272 0.778 0.138 0.158

Using SNS 5

Never Ref. Ref.
Not every day or <1 h 0.900 0.126 0.454 0.882 0.163 0.495 1.028 0.123 0.820 0.898 0.146 0.708
2–4 h 0.716 0.146 0.100 0.937 0.175 0.728 1.318 0.247 0.140 0.937 0.134 0.373
>4 h 0.597 0.168 0.067 0.973 0.200 0.892 1.191 0.320 0.517 0.964 0.138 0.158

Watching videos

Never Ref. Ref.
Not every day or <1 h 0.786 0.108 0.079 0.932 0.167 0.693 1.025 0.125 0.839 0.983 0.150 0.911
2–4 h 0.841 0.191 0.445 0.855 0.147 0.362 1.431 0.300 0.087 1.148 0.169 0.349
>4 h 1.383 0.584 0.443 0.954 0.193 0.818 1.147 0.437 0.720 1.086 0.189 0.636

Log Likelihood −1383.6966 −1399.895 −1731.0824 −1730.726

Model L 93.09 60.69 155.07 155.78
1 0 = ate breakfast less frequently; 1 = ate breakfast on all 7 days. 2 1 = frequent snacking at night; 0 = never or rarely
snack at night. 3 Values in bold are statistically significance (p < 0.05). 4 e-games: Electronic games. 5 SNS: Social
networking sites.

3.1.3. BMI z-Score

Using social networking sites for two to four hours on non-school days was positively associated
with having normal weight or being underweight (OR = 1.580, p = 0.028). BMI z-score categories were
not associated with any other screen-based behaviors (Table 4).

3.1.4. Sleep Duration

Playing e-games for two to four hours (OR = 1.307, p = 0.039) on non-school days and watching
television not every day or less than one hour on school days (OR = 1.462, p = 0.001) were both positively
associated with greater sleep duration. Watching videos (OR = 0.763, p = 0.041) not every day or less
than one hour on school days was negatively associated with greater sleep duration (Table 4).

3.1.5. PA

On school days, watching television for more than four hours (OR = 0.258, p = 0.038) was
negatively associated with PA. On non-school days, using social networking sites for two to four hours
daily (OR = 1.489, p = 0.014) was positively associated with PA (Table 4).

3.1.6. Anxiety, Life Satisfaction, and Self-Esteem

Adjusted by sex and grade, watching television on school days for two to four hours daily
(b = −0.094, p = 0.047) was negatively associated with anxiety. Receiving electronic news or study
materials for two to four hours (b = 0.062, p = 0.036) or more than four hours (b = 0.190, p = 0.002) on
school days was positively associated with anxiety. Using social networking sites not every day or less
than one hour on non-school days (b = 0.072, p = 0.009), or more than two hours on both school days
and non-school days, was positively associated with anxiety. On school days, watching television for
more than four hours (b = −3.825, p = 0.012) was negatively associated with life satisfaction. Watching
television on school days for two to four hours (b = −0.935, p = 0.032) was negatively associated with
self-esteem (Table 5).
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Table 4. The relation of BMI z-score, sleep duration, PA and screen time components (n = 2625).

Characteristics

BMI z-Score 1 Sleep Duration 2 PA 3

School Day Behaviors Non-School Day
Behaviors School Day Behaviors Non-School Day

Behaviors School Day Behaviors Non-School Day
Behaviors

OR SE p 4 OR SE p OR SE p OR SE p OR SE p OR SE p

Age 1.257 0.043 0.000 1.260 0.044 0.000 0.581 0.017 0.000 0.597 0.017 0.000 0.865 0.022 0.000 0.856 0.215 0.000

Gender 3.305 0.428 0.000 3.060 0.426 0.000 0.581 0.052 0.000 0.598 0.058 0.000 0.528 0.045 0.000 0.537 0.050 0.000

Watching TV

Never Ref. Ref. Ref.
Not every day or <1 h 1.034 0.148 0.815 0.928 0.159 0.663 1.462 0.167 0.001 1.044 0.137 0.742 1.007 0.108 0.946 0.831 0.103 0.135
2–4 h 1.234 0.437 0.552 1.022 0.165 0.892 1.443 0.415 0.202 1.130 0.139 0.320 0.930 0.248 0.785 0.994 0.115 0.956
>4 h 0.882 0.668 0.868 1.178 0.259 0.457 1.099 0.648 0.872 1.251 0.209 0.180 0.258 0.169 0.038 0.745 0.119 0.065

Playing e-games 5

Never Ref. Ref. Ref.
Not every day or <1 h 1.100 0.181 0.562 1.052 0.201 0.790 0.983 0.128 0.897 1.061 0.138 0.651 0.926 0.113 0.530 0.883 0.110 0.320
2–4 h 0.831 0.251 0.541 0.803 0.145 0.226 1.054 0.270 0.838 1.307 0.170 0.039 0.942 0.226 0.803 1.085 0.134 0.510
>4 h 1.826 1.267 0.386 1.010 0.217 0.964 1.110 0.580 0.842 1.128 0.183 0.459 1.901 1.041 0.240 1.000 0.154 0.997

Electronic news/study
materials

Never Ref. Ref. Ref.
Not every day or <1 h 0.913 0.144 0.564 1.097 0.234 0.664 0.890 0.107 0.332 1.045 0.175 0.794 1.001 0.115 0.934 0.743 0.116 0.057
2–4 h 0.775 0.172 0.250 0.891 0.188 0.585 0.810 0.146 0.241 0.937 0.155 0.695 1.075 0.181 0.668 0.739 0.115 0.051
>4 h 0.593 0.279 0.266 0.899 0.215 0.655 1.034 0.387 0.928 1.000 0.189 0.998 1.423 0.509 0.324 0.805 0.143 0.223

Using SNS 6

Never Ref. Ref. Ref.
Not every day or <1 h 1.117 0.186 0.509 1.401 0.288 0.102 0.844 0.109 0.189 0.930 0.157 0.665 1.137 0.137 0.287 1.237 0.199 0.185
2–4 h 0.763 0.184 0.263 1.580 0.330 0.028 0.724 0.145 0.108 0.915 0.157 0.604 1.431 0.267 0.055 1.489 0.242 0.014
>4 h 1.663 0.649 0.192 1.454 0.336 0.106 0.791 0.223 0.406 0.760 0.144 0.147 1.282 0.341 0.350 1.223 0.222 0.264

Watching videos

Never Ref. Ref. Ref.
Not every day or <1 h 0.895 0.150 0.510 1.296 0.280 0.231 0.763 0.101 0.041 0.937 0.154 0.689 0.861 0.106 0.226 1.056 0.163 0.722
2–4 h 1.170 0.330 0.578 0.988 0.202 0.951 0.668 0.152 0.076 1.227 0.194 0.197 1.033 0.216 0.877 0.956 0.143 0.762
>4 h 0.856 0.412 0.746 0.812 0.196 0.388 0.522 0.210 0.107 0.938 0.177 0.732 1.686 0.657 0.180 0.969 0.172 0.860

Log Likelihood −1021.5792 −1017.284 −1548.4339 −1554.1503 −1690.5321 −1690.4635

Model L 152.51 161.10 498.25 486.82 123.75 123.89
1 0 = overweight/obese; 1 = under/normal weight. 2 0 = slept <8 h a night; 1 = slept ≥8 h a night. 3 0 = engaged in “strenuous activity” on <3 days in a typical week; 4 Values in bold are
statistically significance (p < 0.05); 5 e-games: Electronic games; 6 SNS: Social networking sites. 1 = engaged in “strenuous activity” on ≥3 days in a typical week.
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Table 5. The relation of anxiety, life satisfaction and self-esteem and screen time components (n = 2625).

Characteristics

Log Anxiety 1 Life Satisfaction 2 Self-Esteem 3

School Day Behaviors Non-School Day
Behaviors School Day Behaviors Non-School Day

Behaviors School Day Behaviors Non-School Day
Behaviors

b SE p 4 b SE p b SE p b SE p b SE p b SE p

Age 0.019 0.004 0.000 0.016 0.004 0.000 −0.404 0.067 0.000 −0.436 0.067 0.000 −0.266 0.040 0.000 −0.259 0.040 0.000

Gender 0.065 0.015 0.000 0.062 0.016 0.000 0.157 0.225 0.486 0.031 0.246 0.901 0.688 0.135 0.000 0.683 0.148 0.000

Watching TV

Never Ref. Ref. Ref.
Not every day or <1 h −0.023 0.019 0.210 −0.033 0.022 0.131 0.238 0.287 0.407 0.360 0.331 0.277 0.169 0.173 0.327 0.259 0.199 0.192
2–4 h −0.094 0.047 0.047 −0.031 0.020 0.129 0.251 0.725 0.730 0.339 0.309 0.273 −0.935 0.436 0.032 0.166 0.186 0.373
>4 h −0.082 0.099 0.408 0.034 0.027 0.208 −3.825 1.520 0.012 −0.520 0.420 0.216 −0.383 0.913 0.675 −0.057 0.253 0.823

Playing e-games 5

Never Ref. Ref.
Not every day or <1 h −0.027 0.021 0.199 −0.033 0.021 0.118 0.310 0.329 0.346 0.177 0.325 0.587 −0.300 0.197 0.129 −0.353 0.195 0.071
2–4 h −0.018 0.043 0.664 −0.028 0.021 0.192 −0.348 0.653 0.594 −0.096 0.328 0.770 −0.243 0.392 0.536 −0.107 0.198 0.589
>4 h −0.167 0.088 0.058 −0.010 0.027 0.711 1.332 1.354 0.325 −0.475 0.410 0.247 0.101 0.813 0.901 −0.109 0.247 0.659

Electronic news/study
materials

Never Ref. Ref. Ref.
Not every day or <1 h 0.012 0.020 0.542 0.052 0.027 0.059 0.529 0.304 0.082 0.411 0.420 0.328 0.110 0.183 0.548 0.446 0.253 0.078
2–4 h 0.062 0.030 0.036 0.041 0.027 0.135 −0.404 0.454 0.373 0.429 0.419 0.304 0.208 0.273 0.445 0.272 0.251 0.279
>4 h 0.190 0.063 0.002 0.060 0.031 0.055 −0.041 0.960 0.966 −0.304 0.480 0.527 −0.031 0.576 0.957 0.203 0.289 0.483

Using SNS 6

Never Ref. Ref. Ref.
Not every day or <1 h 0.037 0.021 0.078 0.072 0.028 0.009 −0.045 0.323 0.890 0.235 0.423 0.579 −0.126 0.194 0.516 −0.241 0.255 0.344
2–4 h 0.085 0.033 0.010 0.087 0.028 0.002 0.049 0.507 0.924 0.054 0.429 0.900 −0.178 0.304 0.559 −0.351 0.259 0.174
>4 h 0.106 0.047 0.025 0.087 0.031 0.005 −0.652 0.726 0.369 −0.037 0.477 0.938 0.052 0.436 0.905 −0.190 0.287 0.507

Watching videos

Never Ref. Ref. Ref.
Not every day or <1 h 0.009 0.022 0.661 0.001 0.027 0.975 −0.264 0.330 0.425 0.357 0.412 0.385 −0.062 0.198 0.754 −0.108 0.248 0.662
2–4 h 0.001 0.037 0.970 0.001 0.026 0.964 −0.232 0.570 0.684 0.405 0.397 0.308 0.067 0.342 0.845 0.044 0.239 0.853
>4 h 0.013 0.067 0.846 0.049 0.031 0.106 −0.263 1.032 0.799 0.331 0.470 0.481 0.125 0.620 0.840 0.091 0.283 0.747

F 5.08 5.57 3.89 4.29 5.03 4.92

Adjusted R-squared 0.0257 0.0288 0.0184 0.0209 0.0254 0.0248
1 Assessed via the Middle School Student Mental Health Scale with scores ranging from 6 to 30 (higher scores indicating higher levels of anxiety), then undergoing a logarithmic
transformation. 2 Assessed via the Satisfaction with Life Scale with scores ranging from 5 to 35 (higher scores indicating higher levels of life satisfaction). 3 Assessed via the Rosenberg
Self-Esteem Scale with scores ranging from 10 to 30 (higher scores indicating higher levels of self-esteem); 4 Values in bold are statistically significance (p < 0.05); 5 e-games: Electronic
games. 6 SNS: Social networking sites.
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4. Discussion

In this study, we found that for Chinese adolescents, more time spent watching television,
on social networking sites, and videos may be negatively associated with academic performance;
however, the association between academic performance and receiving news and study materials from
electronic devices was not statistically significant. One possible explanation is that Chinese students
may use electronic devices in “cram schools”, which may neutralize the negative effect of screen-based
behaviors. Additionally, our results suggest no negative relationships between screen-based behaviors
and BMI z-score. Viewing only social networking sites was significantly associated with BMI z-score,
but only on non-school days. More time on such sites was associated with being underweight or
normal weight. Although studies using both self-reported and objective measures of height and weight
indicate that sedentary behaviors are associated with excess weight in children and adolescents [34,35],
we did not observe an association between screen-based behaviors and weight status after adjustment
for covariates (sex and grade).

A possible explanation for these findings is related to the associations between social networking
sites and body image concerns among adolescents [36,37]. For example, Tiggemann and Slater [37]
indicated that adolescent female Facebook users report more appearance concerns and dieting behavior
than non-users, and that this link intensified with the amount of time spent on Facebook. Appearance
comparison may explain the association between use of social network sites and lower BMI z-score.
Social networking sites allow users to post photos and compare their appearance with others, placing
users at a higher risk of body dissatisfaction [2]. Moreover, using SNS is not always a sedentary
behavior. Students could also spend time on SNS when they are walking, for example; this may
be another reason why we did not observe an association between screen-based behaviors and
weight status.

Our results suggest that the amount of time reported playing electronic games and watching
television is positively associated with unhealthy eating habits, although this relationship was not
linear. These findings corroborate previous research indicating that sedentary behavior, particularly
screen time, predicts unhealthy eating behavior [38,39]. Previous studies have suggested that the type
rather than volume of sedentary behavior may be more important in explaining unhealthy eating
behaviors [40–42]. For example, Borghese et al. [40] suggested that time spent watching TV is more
strongly associated with unhealthy eating choices than total sedentary time is. Our results confirm
this by showing that television viewing on school days and playing electronic games on non-school
days were both related to snacking at night. Our data also suggest a link between electronic games
and skipping breakfast among youth, both on school days and non-school days.

Our results suggest that higher reported time spent watching TV may be associated with greater
sleep duration on non-school days. Few studies have previously shown that screen time affects sleep
duration, suggesting a potentially novel finding in Chinese youth. However, playing electronic games
may lead to less sleep. We found that watching television on school days and getting electronic
news or study materials on non-school days were negatively associated with PA, perhaps because of
displacement of other activities. However, using social networking sites was positively associated
with PA. Although this is contrary to previously reported findings in western youth [9], it is consistent
with the relationship we found between the use of social networking sites and BMI z-score. Our results
suggest that using social networking sites may be a type of sedentary behavior not associated with low
PA and a higher BMI among adolescents. Future studies are needed to better elucidate the associations
between BMI, PA, and the use of social networking sites.
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In this survey, anxiety levels, life satisfaction, and self-esteem levels were independently related
to screen-based behaviors, especially on school days. Use of social networking sites and behaviors
related to news or study materials from electronic devices were significantly associated with higher
levels of anxiety in a whole week. Our results contribute to a relatively small body of literature
that suggests relationships between screen-based behaviors and markers of poor mental health in
adolescents. If our results were observed over a longer period of time, they could suggest greater
anxiety, lower life satisfaction, and lower self-esteem in youth who spend excessive amounts of time
engaged in screen-based behaviors [43], which may negatively affect their academic performance.

Childhood overweight, obesity, and insufficient PA are among the most pressing public health
concerns today [44,45]. Several factors contribute to the imbalance between energy intake and energy
expenditure that influence weight gain [44]. PA and screen-based behavior habits begin to form
in youth [45]. Therefore, encouraging and building healthy habits regarding PA and screen-based
behaviors is important to both the current and future health of children and adolescents [46–48].

There are some limitations to the present study. The sample is limited to one place and may not
be representative of other groups of adolescents. All data were self-reported; therefore, reporting bias
could have influenced the results. Assessment of PA was limited to a single item to reduce participant
burden. Unfortunately, this approach allowed only for the assessment of vigorous (strenuous) PA at
the exclusion of light or moderate activities, which is a limitation of the present work. That the weight
status was dichotomized may have caused potential problems given that being underweight was a
risk factor for certain diseases. Moreover, the cross-sectional design limits the ability to determine
causal relationships. Thus, future longitudinal studies are needed. Finally, non-validated measures
in our questionnaire aiming to measure the outcome variables (i.e., breakfast skipping, snacking at
night, sleep duration and academic performance) may raise potential issues related to reliability. More
refined and precise measures of unhealthy eating behavior would be desirable in future studies.

The strengths of this study include the large sample of Chinese adolescents, the robust data
quality assurance procedures, and controlling for variables with known relationships to the dependent
variables (i.e., age and gender). Unique to this analysis are scales developed for Chinese youth,
previously piloted in another sample.

5. Conclusions

We observed differential associations between time spent on screen-based behaviors and
unhealthy eating behaviors, BMI z-score, academic performance, and mental health in this sample of
Chinese adolescents. If these results are indeed confirmed, Chinese school officials and policymakers
should establish strategies to minimize these negative effects. However, future research is needed to
better understand the impact of screen-based behaviors on health outcomes in youth.
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Appendix A

Screen Time and Life Behaviors Questionnaire for Adolescents in Wuhan, China (School of Health
Sciences, Wuhan University)

Basic Information

1. What is your sex?
A. Male B. Female

2. What is your date of birth? ____ (year/mm/dd)
3. What is your grade?

A. Grade Seven B. Grade Eight C. Grade Nine D. Grade Ten E. Grade Eleven F. Grade Twelve
4. Height ____ (in centimeter)
5. Weight ____ (in kilogram)
6. What is the rank of your last academic performance (including all the subjects in school) in
your grade?

A. Top 20% B. 20–40% C. 40–60% D. 60–80% E. Last 20%
7. How many days do you usually spend on high intensive physical activities (including running,
playing football, playing basketball and so on) in a week?

A. 1–2 days B. 3 days C. 4–5 days D. Almost every day
8. How long do you cumulatively spend on the day you do high intensive physical activities?

A. 10–20 min B. 30–40 min C. 50–60 min D. More than an hour
9. How long do you usually spend on sleeping on school-day?

A. Less than 4 h B. 6 h C. 7 h D. 8 h E. 9 h F. More than 10 h
10. How often do you have breakfast?

A. Every day B. 4~5 days/week C. 2~3 times/week D. 1 time/week E. Never
11. How often do you eat food late at night?

A. Every day B. 4~5 days/week C. 2~3 times/week D. 1 time/week E. Never

Part 1. Screen Time

Table A1. How many hours do you usually spend every day on the following activities at school days
and non-school days respectively?

Screen-Based Behaviors ≤1 h 2–3 h 3–4 h >4 h Not
Everyday Never

1 Watching television School days
Non-school days

2. Playing electronic games School days
Non-school days

3. Getting news or study materials
from electronic devices

School days
Non-school days

4. Using SNS (Facebook, twitter, QQ,
WeChat, micro-blog, Renren)

School days
Non-school days

5. Watching videos on phones or
computers

School days
Non-school days

Part 2. Mental Health

Table A2. Mental health scale.

Anxiety

Never Mild Moderate Severe Strongly Severe

1. I feel nervous or stressed
2. I am on tenterhooks or disconcerted
3. I feel afraid suddenly for no reason
4. I feel antsy
5. I feel uncomfortable in my heart
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Table A2. Mental health scale.

Anxiety

Never Mild Moderate Severe Strongly Severe

6. I feel uncomfortable in my heart
7. I always have something in my mind

Self-Esteem

Strongly
Agree Agree Disagree Strongly Disagree

1. I feel that I am a person of worth, at least on an equal
plane with others

2. I feel that I have a number of good qualities

3. All in all, I am inclined to feel that I am a failure

4. I am able to do things as well as most people

5. I feel that I do not have much to be proud of

6. I take a positive attitude toward myself

7. On the whole, I am satisfied with myself

8. I wish I could have more respect for myself

9. I certainly feel useless at times

10. At times, I feel that I am no good at all

Happiness

Strongly
Disagree Disagree Slightly

Disagree
Neither Agree
nor Disagree

Slightly
Agree Agree Strongly

Agree

1. In most ways, my life is close to my ideal

2. The conditions of my life are excellent

3. I am satisfied with my life

4. So far, I have gotten the important things
I want in my life

5. If I could live my life over, I would
change almost nothing
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