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ABSTRACT

Objective On 20 July 2021, after the outbreak of
COVID-19 at Nanjing Lukou International Airport, several
universities started closed management and online
teaching. This had a large impact on students’ daily life
and study, which may lead to mental health problems. The
purpose of this study is to study the effect of screen time
on mental health status of university students and the
possible mediating effect of sleep status.

Methods This was a cross-sectional study. A web-

based questionnaire survey was employed that included
demographic characteristics, sleep status and mental
health status (depression, anxiety and loneliness). The
Pittsburgh Sleep Quality Index scale was used to assess
sleep status, while the Centre for Epidemiologic Studies
Depression (CES-D) scale, Generalised Anxiety Disorder-7
(GAD-7) scale and Emotional versus Social Loneliness
Scale (ESLS) were used to assess depression, anxiety and
loneliness, respectively. Linear and logistic regression
models were developed and adjusted for confounding
factors, and finally the mediating effects were tested using
the Karlson-Holm-Breen method.

Results Finally, 1070 valid questionnaires were included.
Among these, 604 (56.45%) indicated depressive
symptoms (CES-D score >16) and 902 (84.30%) indicated
anxiety symptoms (GAD-7 score >10). The mean ESLS
score (for loneliness) was 26.51+6.64. The relationship
between screen time and depressive symptoms (OR
1.118, 95%Cl 1.072 to 1.166) and anxiety symptoms (OR
1.079, 95% Cl 1.023 to 1.138) remained significant after
adjusting for confounding factors. Meanwhile, sleep status
plays an intermediary role in screen time and mental
health status (depression and anxiety) and accounts for
13.73% and 19.68% of the total effects, respectively. We
did not find a significant association between screen time
and loneliness.

Conclusion During the outbreak of COVID-19, screen time
is inevitably prolonged among university students. There is
a relationship between mental health and screen time, and
sleep status plays a mediating role.

INTRODUCTION

On 20 July 2021, nine Nanjing Lukou Inter-
national Airport staff tested positive for
SARS-CoV-2." The government has sought

,' Jingfeng Jiang,? Lerong Qi,' Fangi Zhao,' Jingying Wu,’
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The first multiangle study of screen time, sleep
status and mental health status of college students
during the COVID-19 pandemic including mediation
effects.

= Internationally recognised scales were used to esti-
mate mental health, so the results are comparable
to those of other studies.

= The potential confounding factors were adjusted for
and multiple sensitivity analyses were conducted,
so the results are robust.

= This is a cross-sectional study, which is weak
in causal inference and has the risk of reverse
causality.

= Due to the use of online questionnaire, there may be
selection bias and information bias.

to contain the spread of COVID-19 through
lockdowns, limiting travel and restrict people
to maintain distance. Many parts of Nanjing
have been designated as risk or control
areas, and several universities have imple-
mented measures such as closed manage-
ment and online teaching. In this context,
COVID-19 also has a significant impact on
mental health.”™ University students are at an
important transition stage in their lives and
face a unique set of challenges. Therefore,
there is a need to pay attention to the impact
of the COVID-19 pandemic on the mental
health of university students. Some studies
have shown that the psychological pressure
on college students caused by COVID-19
is particularly prominent in different age
groups.”® During the pandemic, screen time
is inevitably prolonged among students, and
little is known about the exact impact of the
COVID-19 pandemic on the mental health of
university students.

When universities carry out closed manage-
ment, the screen time of university students
is bound to be extended. Screen time is

BM)

Wang W, et al. BMJ Open 2023;13:073347. doi:10.1136/bmjopen-2023-073347 1

ybBuAdoo Aq paroslold 1sanb Aq £202 ‘v Joquiadaq uo jwodwg-uadolwq//:dny wolj papeojumoq ‘€20z Jaquiadad 6 Uo /€. 0-£202-uadolwa/ogTT 0T Se payslgnd 1sii :uado NG


http://bmjopen.bmj.com/
http://orcid.org/0009-0008-3421-3481
http://orcid.org/0000-0002-5232-0933
http://orcid.org/0000-0003-3407-0026
http://dx.doi.org/10.1136/bmjopen-2023-073347
http://dx.doi.org/10.1136/bmjopen-2023-073347
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2023-073347&domain=pdf&date_stamp=2023-11-12
http://bmjopen.bmj.com/

divided into several areas, such as studying and working,
browsing news and socialising. Excessive screen time can
affect adolescents’ brain function and cognitive ability.”
The consequences of increased screen time in the wake
of the pandemic have been analysed. A study from China
concluded that screen time (specifically, time spent
studying) is negatively associated with mood status,” and
another study concluded that screen time is correlated with
the severity of depression and anxiety.” Excessive screen
time can also lead to increased feelings of loneliness.” Some
studies suggest that outdoor activity or exposure to nature
(green time) may diminish the effects of increased screen
time,'" ! but apparently, green time does not increase when
university students are in closed management.

Lack of sleep affects the physical and mental health and
psychosocial function of young people. Studies suggest
that excessive screen time can lead to a lack of sleep in
different ways: Screen time can replace sleep time'?; the
strong light emitted by electronic devices before going to
bed can inhibit the production of melatonin and cause
circadian rhythm disorder'”; and teenagers using social
media before going to bed not only shorten their sleep
time,"* but are also awakened by notifications at night."”
Sleep problems are often accompanied by mental health
problems such as depression and anxiety, and are even
used as predictors of psychological problems.'® There-
fore, we put forward the hypothesis that screen time can
affect the mental health of university students, and sleep
status plays an intermediary role.

MATERIALS AND METHODS

Study design and sample

This cross-sectional study was conducted from 1 August
2021 to 31 September 2021. The participants were univer-
sity students studying in China, aged 18-30 years, with no
requirements on gender and major. The questionnaire
was distributed online and widely disseminated after the
pre-experiment, the questionnaires were created and
posted on forums and social media through WenJuanxing
software (https://www.wjx.cn/). The process of esti-
mating the sample size for this study is described in online
supplemental material. A total of 1200 questionnaires
were distributed and 1070 valid questionnaires were
finally included, with a validity rate of 89.2%, the detailed
questionnaire selection process is shown in online supple-
mental figure S1.

The survey was completely anonymous. The purpose
of the study was detailed in the questionnaire guidelines.
Informed consent was provided by all participants. Permis-
sions for the questionnaire were set (every IP address can
only be used once) to prevent duplication. All questions
in the questionnaire were set as required fields to ensure
data integrity.

Measures

Screen time

Screen time is defined as the total time spent per day
in front of a screen of any electronic device, including

mobile phones, tablets and e-books. Screen time is
divided into four parts according to the purpose of the
screen time: work and study, social activities, audio-visual
entertainment and shopping and takeaway, we defined
the different screen times categorisations in detail in
the questionnaire to avoid bias. These classifications are
reported by the respondents themselves. In this study, 18
questionnaires reporting a total of more than 24 hours of
screen time per day were excluded (online supplemental
figure S1).

Sleep status

Sleep status was assessed using the Pittsburgh Sleep
Quality Index (PSQI), a 19-item scale subdivided into
seven parts, that is, (1) sleep duration, (2) sleep distur-
bance, (3) sleep latency, (4) daytime dysfunction due to
sleepiness, (5) sleep efficiency, (6) overall sleep quality
and (7) sleep medication use,'” with a score of 0-3 for
each section and thus a maximum total score of 21. A
total score of 5 is often used as the critical value to judge
sleep status,'*’ where PSQI<5 is considered good sleep
quality and PSQI>5 is considered bad sleep quality.

Mental health status
In this study, mental health status was assessed based on
depression, anxiety and loneliness.

Depression was assessed using the Centre for Epidemio-
logic Studies Depression (CES-D) scale,” which is a brief
self-report scale containing 20 items with a maximum
total score of 60. CES-D>16 is generally considered to
indicate depressive symptoms.***

Anxiety was assessed with the Generalised Anxiety
Disorder-7 (GAD-7) scale,”® which is also a self-rating
scale. The scale has seven items, each with a score of 0-3
points, reaching a maximum total score of 21 points. A
GAD-7 score of 210 is generally considered to indicate
anxiety symptoms.

The Emotional versus Social Loneliness Scale (ESLS)%
was used to evaluate loneliness. The ESLS uses 10 items
to evaluate emotional and social loneliness on a scale of
0-5 for each question, with higher scores indicating more
intense loneliness.

Covariates

General demographic characteristics and exercise status
were included as covariates. General demographic charac-
teristics included: gender, region (Nanjing, non-Nanjing),
education (bachelor candidate, master candidate, PhD
candidate), type of major (engineering, medicine, liberal
arts, other), cost of living (<¥1000, ¥1000-¥2000, ¥2000-
¥3000, >¥3000) and change in sports time (decrease, no
change, increase) between before and after the COVID-19
outbreak.

Statistical analysis

A database with all collected questionnaire data was
created. The total scores were calculated and invalid data
were eliminated. Continuous variables are presented
as mean and SD after passing the normality test, and

2

Wang W, et al. BMJ Open 2023;13:073347. doi:10.1136/bmjopen-2023-073347

ybBuAdoo Aq paroslold 1sanb Aq £202 ‘v Joquiadaq uo jwodwg-uadolwq//:dny wolj papeojumoq ‘€20z Jaquiadad 6 Uo /€. 0-£202-uadolwa/ogTT 0T Se payslgnd 1sii :uado NG


https://www.wjx.cn/
https://dx.doi.org/10.1136/bmjopen-2023-073347
https://dx.doi.org/10.1136/bmjopen-2023-073347
https://dx.doi.org/10.1136/bmjopen-2023-073347
https://dx.doi.org/10.1136/bmjopen-2023-073347
https://dx.doi.org/10.1136/bmjopen-2023-073347
https://dx.doi.org/10.1136/bmjopen-2023-073347
http://bmjopen.bmj.com/

categorical variables are presented as absolute values
and proportions. The t-test, ° test or Spearman’s coef-
ficient test was selected for correlation analysis between
variables. The relationships between independent and
dependent variables and between independent and
mediating variables were examined using logistic regres-
sion models (results for dichotomous variables) or linear
regression models (results for continuous variables).
Two models were developed to account for possible
confounders: a crude model without adjusting for any
confounders and an adjusted model controlling for
differences in gender, region, education level, type of
profession, cost of living and time spent doing exercise.
After controlling for confounding factors, we also further
tested whether the relationship between screen time
and mental health status changed when the mediating
variable (sleep status) was included. Finally, because the
mediating variable was dichotomous and the dependent
variable had dichotomous and continuous variables, we
used the Karlson-Holm-Breen method®” to calculate the
model’s total, direct and indirect effects. We considered
a profile effect significant if its CI did not include zero.
All statistical analyses were conducted by STATA V.17.0
(StataCorp).

Patient and public involvement
The study participants were not involved in the design of
this study.

RESULT

Participant characteristics

In total, 1070 participants were included. The demo-
graphic characteristics of the study population are shown
in table 1. Males accounted for 43.08%, the number of
undergraduate students was the largest (826, 77.20%),
engineering students accounted for 38.60%, most
people’s cost of living was in the range of ¥1000-¥2000,
accounting for 58.04%, and after the emergence of the
pandemic, 76.92% of university students had the same
or reduced exercise time. The distribution of screen
time and sleep status across mental health conditions is
given in table 2. Worse psychological conditions such as
depressive symptoms and anxiety symptoms were asso-
ciated with longer screen time (depression: 7.79hour
vs 8.83hours, p<0.001; anxiety: 7.98hours vs 8.85hours,
p=0.001), but similar results were not observed for loneli-
ness symptoms. Poor sleep status tended to be associated
with poor mental health status, as did loneliness symp-
toms. The proportions of people with good sleep and
bad sleep are different across mental health conditions
(without depression: 47.4% vs 52.6%; with depression:
14.7% vs 85.3%; without anxiety: 41.6% vs 58.4%; with
anxiety: 13.7% vs 86.3%). The loneliness score was also
lower among people with good sleep than among people
with bad sleep (24.98 vs 27.42, p<0.001).

Table 1 Baseline data
Characteristics N %
Gender
Male 461 43.08
Female 609 56.92
Area
Nanjing 711 66.45
Non-Nanjing 359 33.55
Education
Freshman 226 21.12
Sophomore 207 19.35
Junior 215 20.09
Senior 178 16.64
Master candidate 185 17.29
PhD candidate 59 5.51
Type of major
Engineering 413 38.60
Medicine 236 22.06
Liberal arts™ 361 33.74
Othert 60 5.61
Cost of living (Chinese yuan)
<¥1000 194 18.13
¥1000-¥2000 621 58.04
¥2000-¥3000 203 18.97
>¥3000 52 4.86
Sports time change
Decrease 444 41.50
No change 379 35.42
Increase 247 23.08

*Liberal arts include literature, law and philosophy.
1Other includes science, agriculture, management, economics, art,
education, history, military.

Association of screen time with sleep status and mental
health status

Table 3 shows the relationship between screen time
and mental health status. In the crude model without
adjusting for any confounder, longer screen time was
significantly associated with depressive symptoms and
anxiety symptoms (depression: OR 1.107, 95% CI 1.065 to
1.151; anxiety: OR 1.084, 95% CI 1.032 to 1.139), but not
with loneliness status ($=0.032, 95% CI —0.091 to 0.156).
After adjusting for potential confounding factors such as
cost of living and changes in exercise time, the relation-
ship between screen time and depressive symptoms (OR
1.118, 95% CI 1.072 to 1.166) and anxiety symptoms (OR
1.079, 95% CI 1.023 to 1.138) remained significant, while
the relationship between screen time and loneliness
symptoms remained not statistically significant ($=0.106,
95% CI -0.023 to 0.237). Table 3 also shows that increased
screen time is a risk factor for sleep status in both the
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Table 2 Distribution of screen time and sleep status among different mental health status conditions (depression, anxiety and

loneliness)
Depression* Anxietyt Loneliness
Characteristics No (N=604) Yes (N=466) P value No (N=902) Yes (N=168) P value P value
Screen time, hour, mean (SD) 7.79 (3.14) 8.83(3.31) <0.001 7.98(3.18) 8.85(3.40) 0.001 0.0334t 0.2755
Sleep status, n (%)§
Good (N=398) 349 (47.4) 49 (14.7) <0.001 375(41.6) 23(13.7) <0.001 24.98 (6.40) <0.001
Bad (N=672) 388 (52.6) 284 (85.3) 527 (58.4) 145 (86.3) 27.42 (6.62)

*CES-D score >16 indicates depressive symptoms.
TGAD-7 score >10 indicates anxiety symptoms.
FSpearman’s correlation coefficient.

§PSQI score >5 indicates bad sleep status.

CES-D, Centre for Epidemiologic Studies Depression; GAD-7, Generalised Anxiety Disorder-7; PSQI, Pittsburgh Sleep Quality Index.

unadjusted crude model (OR 1.069, 95% CI 1.027 to
1.112) and the model after adjusting for confounding
factors (OR 1.049, 95% CI 1.005 to 1.095).

Mediating effect of sleep status on the association between
screen time and mental health status

The mediation effect of sleep status between screen
time and mental health status (depression and anxiety)
is shown in table 4. After controlling for screen time
(p<0.05) and other covariates, poor sleep status was a risk
factor for depressive symptoms (OR 5.044, 95% CI 3.746
to 6.793) and anxiety symptoms (OR 4.449, 95% CI 2.781
to 7.117). The relationship between increased screen
time and depressive symptoms (OR 1.115, 95% CI 1.066
to 1.166) and anxiety symptoms (OR 1.067, 95% CI 1.010
to 1.128) remained significant after the inclusion of medi-
ating variables in the model.

The analysis of mediation effects showed that screen
time had a significant indirect effect on both depressive
symptoms (indirect effect=0.0173, p<0.05) (figure 1A)
and anxiety symptoms (indirect effect=0.0076, p<0.05)
(figure 1B) through sleep status after controlling for
all covariates. As demonstrated in table 4, the relative
proportions of intermediaries are 13.73% and 19.68%,
respectively.

Sensitivity analysis

To ensure robustness of the results, we repeated the
above analysis after transformation of variables. The
results are presented in online supplemental material. As
shown in online supplemental tables S1-S6 and figures

S2 and S3, when we used the PSQI score as a continuous
variable to indicate sleep status, the mediating effect of
sleep status between screen time and depressive symp-
toms and between screen time and anxiety symptoms
was increased (depression: indirect effect=0.044, 95% CI
0.022 to 0.066, proportion of mediation=32.89%; anxiety:
indirect effect=0.046, 95% CI 0.023 to 0.068, proportion
of mediation=57.48%). As shown in online supplemental
tables S7-S9 and figure S4, no association was found
between screen time and loneliness symptoms, either
using the ESLS score as a continuous variable to repre-
sent loneliness symptoms or using loneliness symptoms
as a dichotomous variable according to the median ESLS
score (median=26).

DISCUSSION

In this study, we investigated the relationship between
screen time, sleep status and mental health status among
university students. The study was conducted shortly after
the COVID-19 outbreak at Nanjing Lukou International
Airport. We focused on the effects of university closure
on students. Our study showed that among university
students, screen time was associated with depression and
anxiety. No significant relationship between screen time
and loneliness was observed. Sleep status partially medi-
ated the effects of screen time on depression and anxiety.
This survey was conducted among university students
during a COVID-19 outbreak to provide suggestions for
healthy care measures at universities during outbreaks.

Table 3 Association of screen time with depression, anxiety, loneliness and sleep status

Depression, OR

(95% Cl) (95% ClI)

Anxiety, OR

Loneliness, B
(95% CI)

Sleep status, OR
(95% CI)

Crude model
Screen time, hour

Adjusted model
Screen time, hour

*p<0.05, **p<0.01, **p<0.001.

1.107 (1.065 to 1.151)* 1.084 (1.032 to 1.139)** 0.032 (-0.091 to 0.156)

1.118 (1.072 to 1.166)™* 1.079 (1.023 to 1.138)**

1.069 (1.027 to 1.112)*

0.107 (-0.023 to 0.237) 1.049 (1.005 to 1.095)*
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Sleep Status

Total Effect: 0.1259(p<0.001)
Direce Effect: 0.1086(p<0.001)
Indirect Effect: 0.0173(p=0.031)

Screen time Depression

Sleep Status

Total Effect: 0.0808(p=0.004)
Direce Effect: 0.0649(p=0.022)
Indirect Effect: 0.0159(p=0.038)

Screen time Anxiety

Figure 1 The intermediary model. (A) Screen time+sleep
status— depression. (B) Screen time+sleep status— anxiety.

Logistic regression analysis showed that after adjusting
for confounding effects, the proportions of students with
depressive symptoms and with anxiety symptoms were
higher among university students with long screen time.
Several studies conducted in China and abroad have
shown that excessive screen time is positively associated
with mental health status among university students.”*™
As for the reason for this correlation, some researchers
believe that during COVID-19 outbreaks, we get a lot of
negative information through electronic media, but the
quality of such information is uncontrollable. In addition,
fragmented information is prevalent, which leads to an
increase in our negative emotions and possibly also to
symptoms of depression and anxiety.”*" In public health
emergencies, negative information can be amplified with
the influx of information, resulting in more serious conse-
quences.”” Organised sports are one of the most common
forms of physical activity for teens, but they are also elim-
inated during COVID-19, and using a screen to connect
with friends and family is the only option.”® In addition,
studies have found that longer screen time in adolescents
is associated with a decreased attention spam,39 violent
tendencies'’ and low self-esteem,* all of which are proven
risk factors for mental health conditions.*

The results also showed that screen time and sleep
status were negatively correlated, and sleep status partially
mediated the relationship between screen time and both
depression and anxiety, accounting for 13.73% and
19.68% of the total effects, respectively. Excessive screen
time may affect melatonin secretion'” and sleep is also
affected by nighttime notifications."” In addition, video
games may lead to mental arousal and thus affect sleep,*
and the violent content of video games has a particu-
larly pronounced effect on sleep conditions.** University
students are often surrounded by a large number of elec-
tronic devices, especially in places such as dormitories
where the division of areas is not clear, and the hindrance
to their sleep is very obvious.” In addition, even if the
screen is turned off, electromagnetic radiation may still
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be perceived as light by the pineal gland, thus affecting
the secretion of melatonin and causing sleep difficul-
ties.” Sleep status was included in this study because
sleep status affects physical and psychological functions
in young people, including anxiety and depression,47
which may be related to poor sleep, dysfunction of the
cholinergic neurotransmitter system and the prefrontal
cortex, and increased limbic system activity.* Moreover,
sleep disorders can cause abnormal hormone secretion
by interfering with the function of the hypothalamus—
pituitary—adrenal axis, which may make the body more
sensitive to stress factors in the environment and may
induce psychological problems."” Screen time also has
adverse effects on early childhood neurodevelopment.
For example, children with longer screen time have
significantly lower communication and daily living skill
scores.”

This study has several strengths. First, this study is
the first multiangle study of screen time, sleep status
and mental health status of college students during the
COVID-19 pandemic including mediation effects. This
is of great significance for the formulation of epidemic
prevention and control strategies. Second, we used
internationally recognised scales to estimate the mental
health status, so the results are comparable with those of
other studies. Third, the potential confounding factors
were adjusted for and multiple sensitivity analyses were
conducted, so the results are robust.

However, there were still some limitations in this
study that need to be carefully considered. First, this is
a cross-sectional study, which is weak in causal inference
and has the risk of reverse causality. Second, the online
questionnaire survey may result in selection bias and
information bias. Third, the evaluation of some covari-
ates is not accurate, such as the change in sports time.
More accurate indicators to evaluate exercise should be
considered, such as the International Physical Activity
questionnaire.51 Fourth, there is the possibility of bias
due to unmeasured confounding factors, such as the
study subjects’ living habits and personality. Finally,
insomnia may also lead to increased screen time, with
potential reverse causality needing to be explored in
further longitudinal studies.

In the context of COVID-19 prevention and control,
the prolonged use of electronic devices by university
students is unavoidable, while the impact of increased
screen time on mental health status can be mitigated by
improving sleep quality, but how to improve sleep condi-
tions is a question worthy of attention, reducing alcohol
and caffeine intake, following a regular bedtime and
engaging in meditation practices are more effective ways
to improve sleeping conditions.’® Schools and universities
should also provide healthcare measures to ensure the
physical and mental health of students. A longitudinal
study should be conducted in the future to further inves-
tigate the association between screen time and mental
health status.

CONCLUSION

At the time of the short-term outbreak of COVID-19, our
findings suggest that the after controlling for confounding
factors, increased screen time among university students
was found to be positively associated with depressive symp-
toms and anxiety symptoms. Sleep status plays a partially
mediating role. Although the COVID-19 pandemic is
over, this finding remains potentially valuable and infor-
mative in the event of a similar widespread public health
event.
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