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Objective: This study aimed to assess smartphone use time and total screen time
among students aged 10-19 in Shanghai, China, and examine their effects on
academic stress.

Methods: Baseline and follow-up surveys were conducted in December 2017 and
December 2018, respectively, using a cohort study design with 1,771 participants.
Questionnaire surveys and physical examinations of participants were conducted
by trained investigators and professional school physicians, respectively. The self-
administered questionnaire mainly covered demographic information, academic stress,
smartphone use time, total screen time, and other lifestyle behaviors.

Results: The average smartphone use time of primary, middle, and high school students
was 0.76 + 0.90, 1.34 + 1.29, and 2.39 + 1.66 h/day, respectively; total screen time
was 2.60 + 2.63, 2.65 4+ 3.39, and 3.52 £+ 2.7 h/day, respectively (P < 0.001). The
academic stress scores of primary, middle, and high school students were 9.25 4+ 3.96,
11.97 £ 4.58, and 15.06 & 5.10 (out of 30), respectively. The smartphone use time and
total screen time were positively associated with academic stress score, with g values of
0.307 (95% Cl: 0.164-0.450) and 0.171 (95% CI: 0.088-0.255), respectively. The longer
the smartphone use time and total screen time, the higher the risk of abnormal academic
stress, with OR values of 1.199 (95% Cl: 1.103-1.303) and 1.104 (95% CI: 1.056-1.154),
respectively. After stratifying by grade group, positive associations between smartphone
use time or total screen time and abnormal academic stress were observed in primary
and middle school students; for high school students; however, only smartphone use
time had a positive association.

Conclusions: This study confirmed that the academic stress is widespread among
students aged 10-19 in Shanghai, China. From a public health perspective, smartphone
use time and total screen time should therefore be restricted for reducing academic stress
and preventing related problems among adolescents in Shanghai, China, in school,
family, and other environments.
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INTRODUCTION

Learning is considered the most important task during the period
of adolescence. Accordingly, adolescents often identify academic
stress as their most significant source of stress (1, 2). Many studies
have reported physical and psychological problems related to
excessive academic stress (3, 4). Buzek et al. found positive
associations between academic stress and insufficient sleep or
being overweight (5). Zhu et al. found that academic stress
was negatively associated with physical activity and sleep but
positively associated with anxiety and depression among Chinese
adolescents (6). Another study found that the risk of depression
for students with academic stress was 2.4 times higher than that
of students without academic stress (7). Several studies have
also shown that excessive academic stress can lead to anxiety,
depression, and suicide (8-11).

Academic stress is a widespread phenomenon observed at
different educational stages. A study in the Czech Republic
and Poland found that 29.5% of average 16-year-old students
experienced abnormal academic stress (3). A study in Nepal
observed a prevalence of academic stress among 26.5% of high
school students (12). Jayanthi et al. (7) found that more than
80% of adolescents in India students experienced mild academic
stress. Meanwhile, many studies have suggested that Chinese
adolescents experience more academic stress than those in other
countries, such as the US, Japan, and Korea (13-15). Liu et
al. found that Chinese high school students had relatively high
levels of academic stress, with no significant differences observed
between girls and boys (13). Chinese students have also been
found to spend more time on classes and homework than those
in Western countries (16).

With advancements in mobile and Internet technologies,
smartphones, and other devices have become increasingly
prevalent, offering functions such as games, videos, and
messaging and the ability to process large amounts of
information (17). Given the high accessibility of such
devices, primary and middle school students now have more
opportunities to use them. A study in US found a smartphone
use rate of 89% among those aged 13-17 (18). Smartphone use
among Chinese adolescents rose from 27.2% in 2011 to >70% in
2017 (19). A study in Hong Kong reported that 98.9%, 56.3%,
and 50.9% of students had a computer, TV gaming console, or
mobile gaming device at home, respectively, and spent 21.96 h
of week on computer-related activities (20). Meanwhile, a
2019 study in Spain found that screen time among adolescents
averaged three and a half hours a day (21).

Teachers increasingly use smartphones and other electronic
devices to arrange, collect and check homework (22). McDonald
et al. (23) found that the most common reason for using
smartphones and computers among children was to do
homework. To some degree, therefore, smartphone or device use
time might represent homework quantity, which could increase
academic stress. Other primary reasons for smartphone/device

Abbreviations: MMHI-60, Mental Health Inventory of Middle School Students;
ORs, odds ratios; BMI, Body Mass Index; SD, standard deviation; CI, credibility
interval.

use among adolescents include social activity and entertainment
(23, 24). One study found that one in three children used
smartphones and other devices for social purposes (23). Spending
a lot of time using electronic devices for social activity or
entertainment may take away from study time and might
therefore increase academic stress.

In light of the above, this study hypothesized that associations
exist between academic stress and smartphone use time or
total screen time. We therefore used a cohort study design to
investigate smartphone use time and total screen time among
students aged 10-19 in Shanghai, China, and examine their
effects on academic stress.

MATERIALS AND METHODS
Study Design

This research adopted a cohort study design. Baseline and
follow-up investigations were conducted in December 2017 and
December 2018, respectively. Figure 1 presents a flowchart of the
study. In the baseline survey, two-stage nonprobability sampling
was used to recruit participants. In the first stage, 20 schools were
selected from 15 districts in Shanghai, China, including seven
primary schools, five middle schools, and eight high schools. The
criteria of school selection were including (1) the principle of
voluntary participation; (2) the available physical examination
data; (3) the extensive distributions from 15 districts of Shanghai,
China; (4) the half of schools from suburb area, and the half
of schools from urban area. In the second stage, at least two
classes were selected from each school, and all students in the
selected classes were enrolled in the study. Follow-up survey was
conducted after 1 year for participants in the baseline survey.
The follow-up survey method was consistent with that used for
the baseline survey. The surveys were conducted in accordance
with the Declaration of Helsinki and were approved by the Ethics
Committee of Medical Research, School of Public Health, Fudan
University (Project identification code: IRB#2018-12-0723; data:
7 December 2018).

Study Participants

A total of 3,348 students participated in the baseline survey,
including 729 primary school students, 921 middle school
students, and 1,698 high school students. A total of 1,146
participants were lost in the follow-up survey because they
had entered a higher-grade group. Thus, 2,022 students
completed the follow-up survey, including 476 primary school
students, 507 middle school students, and 1,039 high school
students. We excluded 176 students because of missing physical
examination data, and 75 students were excluded because of
incomplete questionnaires. Finally, 1,771 students aged 10—
19 were retained, including 444 primary school students,
401 middle school students, and 926 high school students.
Supplementary Table 1 compared the characteristics of excluded
and retained participants. Supplementary Table 2 compared
the screen time between excluded participants and remained
participants in baseline survey by different grade groups. There
was no significant difference between the excluded and retained
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Baseline Survey
December 2017

Y

7 primary schools, 5 middle schools, 8 high

schools from 15 districts of Shanghai, China

A 4

3348 students
729 primary school students
921 middle school students

1698 high school students

Follow-up Survey
December 2018

Excluded 1146 students
due to entering a higher school

2022 students
476 primary school students
507 middle school students
1039 high school students

missing data of physical examination

Excluded 176 students / \

A4

Excluded 75 students
missing complete questionnaire

444 primary school students, 401 middle

1771 students

school students, 926 high school students

FIGURE 1 | The flowchart of this cohort studly.

participants, excepted for age, grade group, and smartphone use
time and total screen time of middle school students.

Questionnaire Survey and Physical

Examinations

The questionnaire survey was conducted by trained investigators.
The questionnaire had several parts, covering demographic
information (e.g., age, sex, grade group, birth place) and lifestyle
behaviors (physical activity time, sedentary time, smartphone
use time, total screen time). The variable that physical activity
time was evaluated by asking the question “How long did you
do indoor/outdoor physical activities per day in the recent
school term? (including running, swimming, playing ball games,
et al.”. The variable that sedentary time was evaluated by
asking the question “What was your average sedentary time
per day? (including class hours at school, homework at home,
watching T'V or playing games while sitting, et al.)”. The variable
that total screen time was evaluated by asking the question
“How many hours did you use electronic devices every day?
(including smartphone, TV, TV games, computer, tablets, and
other electronic devices with access to the Internet, et al.)”.
Smartphone use time and total screen time were captured
by calculating average smartphone use time and total screen

time in the baseline and follow-up surveys. In the follow-
up survey, academic stress was evaluated using the Academic
Stress Subscale of Mental Health Inventory of Middle School
Students (MMHI-60) (25), whose reliability and validity had been
verified. Academic Stress Subscale of MMHI-60 was developed by
Professor Wang et al. (26) from the Institute of Psychology of the
Chinese Academy of Science based on the Symptom Checklist-
90 (27), which had been widely used to measure academic stress
among Chinese primary and middle school students (28, 29). The
scale measures six items: “I feel a heavy study burden,” “T always
worry that the teacher will ask me questions in class,” “I always
get butterflies in my stomach when I hear about an exam,” “I hate
doing homework,” “I hate going to school,” and “I hate taking
exams.” Participants rated these statements on a five-point scale:
1 = “notatall) 2 = “mild” 3 = “moderate,” 4 = “a little severe,”
and 5 = “severe.” An informed consent form was also included
in the questionnaire.

Physical examinations were performed by professional school
physicians and recorded in the students’ medical examination
reports. Height and weight were recorded, with accuracies within
0.1cm and 0.1kg, respectively. The physical examination data
were acquired based on the students most recent medical
examination reports. Body Mass Index (BMI, kg/m?) was
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calculated based on the formula BMI = weight (kg)/height?
(m?) (30).

Quality Control

Some quality-control measures were used to ensure the smooth
execution of the surveys. First, the investigators were trained
to ensure survey quality. Second, to ensure that participants
understood the questionnaire content, the investigators could
answer any questions they might have, but without directing
their responses. Third, the collected questionnaires were double
inputted and validated.

Statistical Analysis

Academic stress score was calculated by integrating the scores for
the six items of the Academic Stress Subscale of MMHI-60. Based
on the recommendation of Yue et al., academic stress grading
was classified as normal (average academic stress score < 2), mild
(2 < average academic stress score < 3), moderate (3 < average
academic stress score < 4), or severe (4 < average academic stress
score < 5) (28). Continuous variables were described as mean
=+ standard deviation (SD). Categorical variables were described
as frequencies (ratios). Categorical variables were expressed as
gender (male, female), grade group (primary school, middle
school, high school), physical activity time (< 60 mins/day, >
60 mins/day), sedentary time (< 4 h/day, > 4 h/day), academic
stress grading (normal, mild, moderate, severe), and birth place
(native place, outside place).

Chi-squared tests or t-tests were used for the equilibrium
test between smartphone use time, total screen time, age, BMI,
gender, academic stress score, academic stress grading, total
physical activity, sedentary time, birth place, and grade group.
Variance analysis was used to compare differences between
smartphone use time and total screen time for different academic
stress gradings. A mild, moderate, or severe academic stress
grading was classified as abnormal academic stress for the logistic
regression analysis. Smartphone use time, total screen time,
age, BMI, gender, total physical activity, sedentary time, birth
place, and grade group were used as independent variables, and
the academic stress score or abnormal academic stress as the
dependent variable. The multiple linear regression was used to
explore the associations between smartphone use time or total
screen time and academic stress score. The multivariate logistic
regression model and logistic model stratified by grade group
were used to explore the potential associations between abnormal
academic stress and smartphone use time or total screen time
by calculating the odds ratios (ORs) and corresponding 95%
confidence intervals (95% CI). All statistical analyses were
conducted using SAS software version 9.2 (SAS Institute Inc.,
Cary, NC, USA), and two-sided P < 0.05 were considered
statistically significant.

RESULTS

Table 1 shows the general characteristics of the participants
stratified by grade groups. In 1,771 students participating in the
baseline survey and follow-up survey, the average smartphone
use times were 1.63 and 1.86 h/day, and the average total screen

times were 2.73 and 3.45 h/day, with a gradual increasing trend,
respectively. Of the 1,771 students aged 10-19, 444 (25.07%)
were primary school students, 401 (22.64%) were middle school
students, and 926 (52.29%) were high school students. The
average smartphone use times for primary, middle, and high
school students were 0.76 £ 0.90, 1.34 £ 1.29, and 2.39 & 1.66
h/day, respectively; total screen time for the three groups was
2.60 + 2.63, 2.65 £ 3.39, and 3.52 £ 2.7 h/day (P < 0.001).
The academic stress scores for primary, middle, and high school
students were 9.25 + 3.96, 11.97 £+ 4.58, 15.06 £ 5.10 (out
of 30), respectively. The proportions of primary, middle, and
high school students in the mild academic stress group were
50 (11.26%), 133 (33.17%), and 405 (43.74%), respectively; 28
(6.31%), 38 (9.48%), and 226 (24.41%) were in the moderate
academic stress group, and 2 (0.45%), 11 (2.74%), and 65 (7.02%)
were in the severe academic stress group (P < 0.001).

Figure 2 shows the differences in smartphone use time and
total screen time between the normal group and the mild,
moderate, and severe academic stress groups. Compared with the
normal group, smartphone use time and total screen time were
higher in the mild, moderate, and severe academic stress groups
(P < 0.05). Meanwhile, smartphone use time and total screen
time showed an increasing trend with the severity of academic
stress gradings (P g < 0.05).

Table 2 found the correlations of smartphone use time or
total screen time with academic stress score. After adjusting for
covariables, smartphone use time and total screen time were
positively associated with academic stress score in students, with
the p values of 0.307 (95% CI: 0.164-0.450, P < 0.001) and 0.171
(95% CI: 0.088-0.255, P < 0.001), respectively. Meanwhile, two
models indicated that age was positively correlated with academic
stress score, with the B values of 0.413 (95% CI: 0.096-0.731,
P = 0.011) and 0.420 (95% CI: 0.103-0.738, P = 0.010). In
addition, middle school student had higher academic stress score
compared with primary school student, with the f values of 2.301
(95% CI: 0.553-4.049, P = 0.010) and 2.358 (95% CI: 0.605-4.110,
P =0.008) in two models.

Table 3 shows the associations between smartphone use time
or total screen time and abnormal academic stress. Logistic
regression revealed that the higher the smartphone use time and
total screen time, the higher the risk of abnormal academic stress,
with OR values 0f 1.199 (95% CI: 1.103-1.303) and 1.104 (95% CI:
1.056-1.154), respectively. There was a higher risk of abnormal
academic stress among participants with increased age in the
two models, resulting in OR values of 1.179 (95% CI: 1.011-
1.376) and 1.193 (95% CI: 1.022-1.392). Moreover, middle school
students had a higher risk of abnormal academic stress than
primary school students in the two models, with OR values of
2.601 (95% CI: 1.041-6.497) and 2.939 (95% CI: 1.174-7.359).

Tables 4, 5 show the associations between abnormal academic
stress and smartphone use time or total screen time stratified by
grade group. After adjusting for covariables, smartphone use time
and total screen time were positively associated with abnormal
academic stress, with OR values of 1.466 (95% CI: 1.147-1.874)
and 1.181 (95% CI: 1.085-1.286) for primary school students
and 1.284 (95% CIL: 1.063-1.550) and 1.100 (95% CI: 1.003—
1.206) for middle school students. For high school students, the
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TABLE 1 | The general characteristics of study population stratified by grade group (n = 1,771).

Characteristics Categories Primary school (n = 444) Middle school (n = 401) High school (n = 926) P value
Age (years), Mean + 10.38 £ 0.50 14.08 £ 0.75 17.20 £0.72 <0.001
SD
Smartphone use time (hour/day), Mean + SD 0.76 + 0.90 1.34 £1.29 2.39 + 1.66 <0.001
Total screen time (hour/day), Mean + SD 2.60 4+ 2.63 2.65 4+ 3.39 3.52 +2.71 <0.001
BMI (kg/m?), Mean =+ 18.21 £3.80 19.97 + 3.56 22.15 +£4.37 <0.001
SD
Academic stress score (points), Mean + SD 9.25 + 3.96 11.97 + 4.58 15.06 £ 5.10 <0.001
Gender, n (%) Male 215 (48.42) 216 (53.87) 432 (46.65) 0.054
Female 229 (51.58) 185 (46.13) 494 (53.35)
Birth place, n (%) Native place 325 (73.20) 272 (67.83) 879 (94.92) <0.001
Outside place 119 (26.80) 129 (32.17) 47 (5.08)
Academic stress Normal 364 (81.98) 219 (54.61) 230 (24.84) <0.001
grading, n (%)
Mild 50 (11.26) 133 (33.17) 405 (43.74)
Moderate 28 (6.31) 38 (9.48) 226 (24.41)
Severe 2 (0.45) 1(2.74) 65 (7.02)
Physical activity time <60 mins/day 323 (72.75) 300 (74.81) 740 (79.91) <0.001
(min/day), n (%)
>60 mins/day 121 (27.25) 101 (25.19) 186 (20.09)
Sedentary time <4 h/day 286 (64.41) 143 (35.66) 149 (16.09) <0.001
(hour/day), n (%)
>4 h/day 158 (35.59) 258 (64.34) 777 (83.91)
BMI, Body Mass Index; SD, standard deviation.
P trena< 0.05 P trena< 0.05
*

Smartphone usage time (hour/day)

*P <0.05

Normal Mild

Moderate Severe

FIGURE 2 | Variance analysis for smartphone use time and total screen time in the different academic stress gradings.

Total screen time (hour/day)

Normal Mild Moderate Severe

significantly positive association was only found for smartphone
use time, with an OR value of 1.129 (95% CI: 1.022-1.247).
However, there was a marginal positive association between
total screen time and abnormal academic stress in high school
students, with an OR value of 1.061 (95% CI: 0.997-1.128).
In addition, the two models showed that age was positively
associated with abnormal academic stress only for high school

students, with OR values of 1.239 (95% CI: 1.005-1.528) and
1.247 (95% CI: 1.012-1.538).

DISCUSSION

To our knowledge, this cohort study is the first to assess
smartphone use time and total screen time among students
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TABLE 2 | Associations of smartphone use time or total screen time with academic stress score by multiple linear regression.

Characteristics Categories Model 12 Model 2°
B (95% CI) P value B (95% CI) P value
Smartphone use time 0.307 (0.164-0.450) <0.001 - -
Total screen time - - 0.171 (0.088-0.255) <0.001
Age 0.413 (0.096-0.731) 0.011 0.420 (0.103-0.738) 0.010
BMI 0.035 (—0.019-0.09) 0.201 0.036 (-0.018-0.09) 0.194
Gender Male 1 (reference) 1 (reference)
Female —0.115 (—0.555-0.326) 0.609 —0.022 (—0.464-0.419) 0.921
Grade group Primary school 1 (reference) 1 (reference)
Middle school 2.301 (0.553-4.049) 0.010 2.358 (0.605-4.110) 0.008
High school 1.232 (—1.445-3.908) 0.367 1.480 (—1.185-4.144) 0.276
Birth place Native place 1 (reference) 1 (reference)
Outside place 0.331 (—0.287-0.949) 0.294 0.315 (—0.304-0.934) 0.318
Physical activity time (min/day) <60 1 (reference) 1 (reference)
>60 —0.030 (—0.550-0.490) 0.910 0.005 (—0.515-0.525) 0.986
Sedentary time (hour/day) <4 1 (reference) 1 (reference)
>4 —0.327 (—0.845-0.190) 0.215 —0.311 (—0.828-0.206) 0.239

BMI, Body Mass Index; Cl, credibility interval.
aThe model 1 was adjusted for smartphone use time, age, BMI, gender, grade group, birth place, physical activity time and sedentary time; ® The model 2 was adjusted for total screen
time, age, BMI, gender, grade group, birth place, physical activity time and sedentary time.

TABLE 3 | Associations between smartphone use time or total screen time and abnormal academic stress by multivariable logistic regression.

Characteristics Categories Model 12 Model 2°
OR (95% CI) P value OR (95% CI) P value
Smartphone use time 1.199 (1.103-1.303) <0.001 - -
Total screen time - - 1.104 (1.056-1.154) <0.001
Age 1.179 (1.011-1.376) 0.036 1.193 (1.022-1.392) 0.026
BMI 1.015 (0.987-1.043) 0.292 1.016 (0.989-1.044) 0.242
Gender Male 1 (reference) 1 (reference)
Female 1.002 (0.806-1.246) 0.985 1.054 (0.847-1.311) 0.639
Grade Group Primary school 1 (reference) 1 (reference)
Middle school 2.601 (1.041-6.497) 0.041 2.939 (1.174-7.359) 0.021
High school 2.876 (0.751-11.006) 0.123 3.231(0.847-12.316) 0.086
Birth place Native place 1 (reference) 1 (reference)
Outside place 1.095 (0.809-1.483) 0.555 1.082 (0.799-1.465) 0.610
Physical activity time (min/day) < 60 1 (reference) 1 (reference)
> 60 0.901 (0.697-1.166) 0.429 0.908 (0.702-1.176) 0.465
Sedentary time (hour/day) <4 1 (reference) 1 (reference)
>4 0.889 (0.689-1.149) 0.370 0.895 (0.692-1.156) 0.396

BMI, Body Mass Index; OR, odd ratio; Cl, credibility interval.
aThe model 1 was adjusted for smartphone use time, age, BMI, gender, grade group, birth place, physical activity time and sedentary time; ® The model 2 was adjusted for total screen
time, age, BMI, gender, grade group, birth place, physical activity time and sedentary time.

aged 10-19 in Shanghai, China, and examine the effects on
academic stress. Existing studies have mainly reported academic
stress among college students (7, 31, 32) with few focusing on
adolescents. Our findings indicate that the academic stress of
students aged 10-19 should not be ignored, even among primary
school students. Variance analysis showed that smartphone use
time and total screen time were significantly higher in the
mild, moderate, and severe academic stress groups than in

the normal group, showing an increasing trend with academic
stress severity. Linear and logistic regression indicated that the
higher the smartphone use time and total screen time, the
higher the academic stress score, the higher the risk of abnormal
academic stress.

Compared with other countries, Chinese adolescents might
experience more academic stress from a young age. We found
that the proportions of abnormal academic stress were 18.02,
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TABLE 4 | Associations between smartphone use time and the abnormal academic stress stratified by grade group.

Characteristics

Primary school
OR (95% ClI)

Middle school
OR (95% CI)

High school
OR (95% CI)

Smartphone use time
Age

BMI

Gender

Birth place

Physical activity time
(min/day)

Sedentary time (hour/day)

1.466 (1.147-1.874)
1.038 (0.634-1.701)
0.972 (0.905-1.043)
1 (reference)
1.093 (0.660-1.809)
1 (reference)
1.162 (0.671-2.012)
1 (reference)
0.575 (0.307-1.074)
1 (reference)
1.031 (0.609-1.745)

1.284 (1.063-1.550)
1.067 (0.813-1.399)
1.063 (1.003-1.127)
1 (reference)
0.692 (0.460-1.041)
1 (reference)
1.023 (0.636-1.647)
1 (reference)
0.833 (0.513-1.350)
1 (reference)
0.845 (0.549-1.301)

1.129 (1.022-1.247)
1.239 (1.005-1.528)
1.014 (0.978-1.051)
1 (reference)
1.204 (0.885-1.638)
1 (reference)
0.941 (0.476-1.860)
1 (reference)
1.180 (0.803-1.735)
1 (reference)
0.900 (0.595-1.361)

BMI, Body Mass Index; OR, odd ratio; Cl, credibility interval.

The model was adjusted for smartphone use time, age, BMI, gender, birth place, physical activity time and sedentary time stratified by grade group.

TABLE 5 | Associations between total screen time and the abnormal academic stress stratified by grade group.

Characteristics Categories Primary school Middle school High school

OR (95% CI)

OR (95% CI)

OR (95% CI)

Total screen time
Age

BMI

Gender

Birth place

Physical activity time
(min/day)

Sedentary time (hour/day)

1.181 (1.085-1.286)
1.043 (0.634-1.714)
0.967 (0.900-1.039)
1 (reference)
1.140 (0.685-1.897)
1 (reference)
1.074 (0.614-1.881)
1 (reference)
0.616 (0.330-1.150)
1 (reference)
1.028 (0.604-1.748)

1.100 (1.003-1.206)
1.089 (0.832-1.427)
1.066 (1.006-1.129)
1 (reference)
0.725 (0.481-1.093)
1 (reference)
1.065 (0.662-1.716)
1 (reference)
0.829 (0.513-1.342)
1 (reference)
0.835 (0.543-1.282)

1.061 (0.997-1.128)
1.247 (1.012-1.538)
1.016 (0.980-1.053)
1 (reference)
1.251 (0.920-1.701)
1 (reference)
0.969 (0.492-1.910)
1 (reference)
1.175 (0.800-1.727)
1 (reference)
0.914 (0.604-1.381)

BMI, Body Mass Index; OR, odd ratio; Cl, credibility interval.

The model was adjusted for total screen time, age, BMI, gender, birth place, physical activity time and sedentary time stratified by grade group.

45.39, and 75.16% for primary, middle, and high school students,
respectively. Meanwhile, the proportions of moderate and severe
academic stress were 6.76, 12.22, and 31.43% for primary,
middle, and high school students, respectively. However, a
study in the Czech Republic and Poland revealed that only
an average of 29.50% of students had academic stress (3).
That result was consistent with a study in Nepal, which found
that 26.5% of high school students experienced academic stress
(12). This phenomenon may be related to different educational
systems between China and other countries (33). Young Chinese
students tend to face severe academic competition, as with
the notoriously difficult college entrance examinations (34).
Students and their parents often prepare intensively from
early childhood for such competition, including participation
in various extracurricular tutorial classes. One study found
that more than 62% of primary school students in China
attended extracurricular tutorial classes (35), mostly aiming
to improve subject knowledge (36). This has caused Chinese

students to have more academic stress than those from other
countries (37-39).

Academic stress was found to increase with increased
age and grade from 18.02% to 75.16%. This is partially
consistent with a study in Chongqing, China, that found
proportions of abnormal academic stress of 19.9, 55.0,
and 62.6% among primary, middle, and high school
students, respectively (28). As students move into higher
grades, increased subject difficulty and number might lead
to more academic stress. Therefore, particular attention
should be paid to academic stress among students in the
upper grades.

Our results showed that the average duration of smartphone
use time and total screen time was about 2-5 h/day for the
participants. Haug et al., meanwhile, found that smartphone
use time was 1-2 h/day among 33.0% of reporting young
people in Switzerland (40). This is consistent with another
Chinese study in which 38.2% of students reported 2-4 h/day
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of smartphone use (41). Meanwhile, we found that there
was an increasing trend for smartphone use time and total
screen time in students with the increase of age. In our
cohort study, the results confirmed that the smartphone use
time and total screen time were positively associated with
the academic stress score, and increased the risk of abnormal
academic stress. One reason could be that smartphones and
other devices are used for homework. This is supported
by a study (23), which found that completing homework
was the main reason why children used smartphones and
other devices. Thus, device use time might to some extent
represent the amount of homework students’ must complete
and their associated academic stress. Another reason could
be related to using electronic devices for social activity
and entertainment (42). One study found that more than
30% of adolescents used smartphones and other devices
for social activity (23). Devoting a lot of time to social
activity and entertainment could take away from study
time, thus adversely affecting students’ study progress and
increasing their academic stress. Meanwhile, due to backward
study progress, increasing academic stress might be further
increased the screen time, and they were in a bidirectional
relationship. Moreover, using smartphone to social activity and
entertainment may prevent students from focusing on their
study, which may lead to the poor academic performance.
Kwok et al. found the significantly negative association between
smartphone addiction and academic performance (43). The
poor academic performance may cause the further increase
of academic stress. Therefore, to reduce academic stress,
parents should seek to restrict smartphone use related to social
activity and entertainment. Teachers, meanwhile, should reduce
the amount of homework assigned using smartphones and
other devices.

Another interesting finding was that the positive association
between academic stress and smartphone use time or total
screen time were found for primary and middle school
students. For high school students, however, this positive
association existed only for smartphone use time, not
total screen time. There was a marginal positive association
between total screen time and academic stress in high school
students. This result showed that high school students may
spend most of their screen time on their mobile phones
(44). Meanwhile, we found the OR values of smartphone
use time and total screen time were decreasing with the
increase of grade group, which revealed that the influence
degree of smartphone use time and total screen time
on academic stress decreased with the increase in grade
group. Since parents and schools’ academic expectations
increase with grade level, academic stress is pervasive
among high school students (8, 45). Thus, high school
students’ academic stress was not readily influenced by
individual behaviors, such as the use of smartphones and
other devices. The situation was different for primary and
middle school students, whose individual behaviors affected
their level of academic stress. In short, it is important to
encourage the appropriate use of electronic devices from an
early age.

STRENGTHS AND LIMITATIONS

The present study has several strengths. The cohort study design
was adopted in this study, and the sample size was relatively
large. The study participants were including primary, middle and
high school student from the 15 districts of Shanghai, China, and
had the better representation. However, some limitations also
exist in our study. First, we were unable to distinguish between
using electronic devices for homework and for entertainment,
which need to be identified in future studies. Second, the cohort
study only used data at two time points with an interval of
one year. Due to the academic stress only investigated in the
follow-up survey, we can’t observe the change trend of the
academic stress in study participants. Third, some other factors
that might affect academic stress were not included, such as sleep
duration, neurodevelopmental disorders and diseases, parental
expectation, peer stress, and interpersonal communication (7, 8,
43, 46). These factors can be considered in future research. Last,
because there was a significant difference of smartphone use time
and total screen time between excluded and retained participants
in middle school students, which may affect the results of this
study for middle school students.

CONCLUSION

This cohort study found that academic stress was widespread
among students aged 10-19 in Shanghai, China—even among
primary school students. Meanwhile, smartphone use time and
total screen time were identified as potential reasons for increased
academic stress among the participants. From a public health
perspective, smartphone use time and total screen time should
be restricted for reducing academic stress and preventing various
related problems among students aged 10-19 in Shanghai, China,
in school, family, and other environments.
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