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Depression Results: In total, 678 participants with an average age of 16.1 (standard deviation 0.9) years were included. Nearly

Internet use one-third of the adolescents (30.7%) exhibited excessive internet use (> 4 h/day), 19.6% experienced depressive

Sleep symptoms, 14.5% presented anxiety symptoms, and 58.8% reported poor sleep quality. Compared to non-
excessive internet users, excessive internet users (> 4 h/day) experienced significantly higher levels of depres-
sive symptoms (p = .001), anxiety (p = .008), and poorer sleep quality (p < .001). Students who were female
and with fair/poor self-rated health experienced higher depression, anxiety, and poor sleep quality (p < .05).
After adjusting for demographic and health-related factors, students with excessive internet use were 58%
more likely to experience poor sleep quality (odds ratio, 1.58, 95% confidence interval [1.06, 2.35]).
Conclusions: Excessive internet use in Vietnamese high school students was significantly associated with poor

sleep quality, but not with depression or anxiety.

© 2021 Elsevier Inc. All rights reserved.

Introduction

Internet use is rapidly increasing worldwide, and it has become an
important means of social connection and communication (Nowland
et al., 2018) as well as a source of entertainment in our daily lives
(Zhang & Ho, 2016). With technological advances, internet accessibility
and digital learning devices have become more convenient for the
younger generation and might be linked to the rise in excessive internet
use (Lenhart et al., 2010). Excessive internet use is now recognized as a
global public health challenge; in particular, Asian populations present
more extreme use than Europeans, Americans, or Africans (Baloglu
et al., 2020). An epidemiological study of 5366 adolescents from six
Asian countries found that smartphone ownership was 62%, and
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internet addiction was estimated to range between 6.2% and 21% in
those countries (Mak et al., 2014). In Vietnam, there were an estimated
55.9 million internet users in 2018, and 72.5 million users in 2021
(Degenhard, 2021). Nowadays, adolescents in Vietnam are experienc-
ing dramatic changes in their society, with new lifestyles emerging
from the rapid economic development (Vuong et al., 2019). Thus, inves-
tigating the relationship between internet use and mental health in ad-
olescents will help in developing intervention programs for prevention
and clinical practice.

Existing studies show that the links between internet use and men-
tal health in adolescents are complex, with various affecting factors
(Anderson et al., 2017). An analysis of Australian adolescents found
that excessive internet use was associated with depression in female
but not male adolescents (Hoare et al., 2017). In comparison, a
Japanese study found that the duration of mobile phone use was not re-
lated to depression among adolescents (Tamura et al., 2017). However,
an extensive survey of 8067 youths in Asia and the United States indi-
cated that excessive internet use was associated with a higher risk of
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depression in Asian students than in U.S. students (Tang et al., 2018).
These mixed findings may be partially explained by social and cultural
factors (Baloglu et al., 2020). In Asian cultures, youth often face conflicts
between social and personal identity formation (Tran et al., 2017). For
example, high school students in Vietnam often use the internet to
cope with stress due to their academic burdens (Nguyen et al., 2013).
In addition to mental health, evidence suggests that poor sleep quality
or short sleep duration is common in children and adolescents who ex-
hibit excessive internet use (Cain & Gradisar, 2010). However, most
existing studies were conducted in developed areas or countries
where internet access is widely available. Little is known about the rela-
tionships between hours of internet use and health-related problems
among adolescents in developing countries.

Access to digital media by adolescents has drastically increased in
developing countries in recent years. Notably, adolescents in developing
countries face different health challenges and resources compared to
those who grow up in developed countries, as the socio-economic con-
text varies (Fatusi & Hindin, 2010; World Health Organization, 2017).
Research of high school students in developing countries would provide
an ecological understanding of individuals within particular school,
family, and peer environments and thus contribute to effective adoles-
cent interventions in these locations (Fatusi & Hindin, 2010). It is there-
fore a priority to examine internet use and adolescents' health in
economically growing countries, such as this study proposes to do for
Vietnamese youth.

Depression, anxiety, and sleep problems are recognized as common
issues among Vietnamese adolescents. However, their relationships
with internet use are much less well understood. In Vietnam, high
rates of depression (25.9%-26.3%) and anxiety (16.2%-22.8%) symp-
toms were reported in middle and high school students in Ho Chi
Minh City (Thai, 2010) and Can Tho City (Nguyen et al., 2013). More-
over, a study by Zhang et al. (2017) found that nearly 80% of Vietnam
adolescents and young adults have visited healthcare facilities due to
sleep problems, but they found no association between internet use
and sleep problems (Zhang et al., 2017). Conversely, another study indi-
cated that excessive internet use was associated with a poor health-
related quality of life among Vietnamese youth (Tran et al,, 2017). A re-
cent study in Vietnam found that 64.7% of Vietnamese youth reported
regularly using the internet every day, and over 40% spent more than
3 h/day online (Do et al., 2020). Vietnamese youth also reported a
higher rate of excessive internet use than other Asian countries, includ-
ing the Philippines, Korea, Taiwan, Singapore, and Japan (Tran et al.,
2017). Arecent study suggested that screen time for adolescents should
be limited to 4 h/day (Berchtold et al., 2018) instead of the criterion of 2
h/day (AAP, 2001), which was found to be difficult to achieve in real life.
However, whether the time spent on internet use is associated with de-
pression, anxiety, and sleep quality in Vietnamese adolescents remains
to be investigated.

To better understand the relationships between the amount of inter-
net use and depression, anxiety, and sleep quality in Vietnamese adoles-
cents, the current study aimed to (1) investigate the distributions of
depressive symptoms, anxiety symptoms, sleep quality, and internet
use among high school students in northern Vietnam, and (2) examine
the relationships of internet use with depression, anxiety, and sleep
quality among these students.

Methods
Study design and participants

A cross-sectional study was conducted in a public high school in Yen
Phong District, Bac Ninh Province, Vietnam, from July to September
2019. There are two public schools and one private school in Yen
Phong District (Pham, 2019). Approximately 92% of high school stu-
dents in Vietnam attend public high schools (Vietnam Ministry of Edu-
cation and Training, 2020). We collected our data when students were
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attending summer courses at the school. The Ethical Review Board of
Biomedical Research of Hanoi University of Public Health, Vietnam
(no. 331/2019/YTCC-HD3) and the Joint Institutional Review Board of
Taipei Medical University Taiwan (no. N201906014) approved this
study. Written informed consent was obtained from the participants
and their parents or guardians prior to participation.

The inclusion criterion of this study was that the student had to be a
registered high school student. Students were excluded if they had any
chronic medical condition (e.g., asthma, congenital heart defects, diabe-
tes, or cancer), were receiving psychiatric care, or were taking antide-
pressants or antipsychotic medications. Clustered random sampling
was conducted using a class as a randomization unit. In total, 15 classes
were selected from 45 classes at the studied school, including five clas-
ses each from grades 10, 11, and 12. A list of randomization numbers
was prepared using a simple randomized sampling method by an off-
site research assistant who was not involved in student recruitment.

A sample size of 404 was estimated based on a previous study, which
reported an odds ratio (OR) of 1.9 between internet use and depression
(Wu et al., 2015) to achieve 80% power at a 0.05 significance level. Con-
sidering an incompletion rate of 20%, the final sample size was set to at
least 485.

Measurements

Depressive symptoms

Depressive symptoms were measured using the Vietnamese version
of the Center for Epidemiological Studies Depression Scale (CES-D)
(Nguyen et al., 2007). The CES-D was originally developed by Radloff
(1977) to measure depressive symptoms in the general population in
the past week; it has also been widely used for adolescents (Stockings
et al,, 2015). This 20-item self-reported questionnaire measures de-
pressed mood, feelings of guilt/worthlessness, helplessness, psychomo-
tor retardation, loss of appetite, and sleep disturbances using a 4-point
scale from “rarely or none of the time” (less than 1 day) to “most or
all of the time” (5-7 days). The participants completed the CES-D ac-
cording to their depressive symptoms in the past week. Each item was
scored from O to 3, with the total score ranging between 0 and 60, and
a higher score reflecting a higher level of symptoms. A suggested cutoff
of 21, commonly adopted for Asian adolescents (Kim et al., 2007), was
used to identify adolescents for further evaluation, with a sensitivity of
0.86 and specificity of 0.86 (Stockings et al., 2015). The Vietnamese ver-
sion of the CES-D had satisfactory internal reliability (o« = 0.87)
(Nguyen et al., 2007). In this study, Cronbach's alpha was 0.87.

Anxiety symptoms

The Vietnamese Anxiety Scale (VAS) (Nguyen et al., 2007), a 13-item
self-reported anxiety scale widely used in Vietnam, was used to assess
anxiety symptoms. The participants completed each item based on
their anxiety symptoms in the past 30 days using a 3-point scale: 1
(never), 2 (sometimes), or 3 (often). The total score range was 13-39,
with a higher score indicating greater anxiety (Nguyen et al., 2007). A
suggested cutoff of 26 was used to identify adolescents for further eval-
uation of clinical anxiety, with a sensitivity of 31.3% and specificity of
92.2% (Thai, 2010). This scale had a similar sensitivity of 0.36 and spec-
ificity of 0.96 with a non-specific distress scale-a common screening
tool for serious mental illness (Kessler et al., 2003). The VAS showed
good construct validity and good internal reliability (¢ = 0.82) among
Vietnamese adolescents (Nguyen et al., 2007). In this study, Cronbach's
alpha was 0.79.

Sleep quality

Sleep quality was assessed using the Vietnamese version of the Pitts-
burgh Sleep Quality Index (PSQI) (To & Nguyen, 2015), which was orig-
inally developed by a group of experts from the University of Pittsburgh
(Buysse et al., 1989). The PSQI is a self-rated questionnaire measuring
sleep quality over a 1-month interval, including 19 items in seven
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components: subjective sleep quality, sleep latency, sleep duration,
sleep efficiency, sleep disturbances, sleep medication use, and daytime
dysfunction. Each component was scored from 0 to 3, with the total
score ranging between 0 and 21, and a higher score indicating lower
sleep quality. A cutoff score of 5 was used for “poor” sleep quality
(Woods & Scott, 2016). The Vietnamese version of the PSQI was
shown to be acceptable for use in the Vietnamese general population,
with a Cronbach's alpha of 0.79 and a test-retest reliability coefficient
of 0.79 (To & Nguyen, 2015). A suggested cutoff score of 5 was used to
identify adolescents with poor sleep quality, with a respective sensitiv-
ity and specificity of 88% and 75% (To & Nguyen, 2015). In this study,
Cronbach's alpha was 0.62.

Internet use

Participants were asked how many hours per day on average they
had used the internet in the past 30 days, using a five-choice answer (al-
most none; < 1 h/day; 1-2 h/day; 3-4 h/day; > 4 h/day). Internet use
was then categorized as >4 h/day, 3-4 h/day, and < 3 h/day, based on
the prior literature (Berchtold et al., 2018), for subsequent analysis.

Demographic and health characteristics

Demographic information including age, gender, grade, and religion
was collected. Health-related information was measured, including
smoking, alcohol consumption, physical exercise, and the self-rated
general health status using a structured questionnaire developed by
the research team.

Data collection procedure

Demographic and health characteristics, as well as data on internet
use, sleep quality, and symptoms of depression and anxiety were col-
lected at the school. All students completed the self-reported question-
naires during class recess at school, which took about 15 min.

Data analysis

Data were checked and assessed for completeness before the princi-
pal data analysis. For participants with only one item missing in the
questionnaire, an item was substituted with the mean of the gender-
specific subgroup. Among the included subjects, there was one partici-
pant with one CESD item missing and another with one VAS item miss-
ing. The number of participants with a mean substitution was 1 (0.1%)
in the CESD and 1 (0.1%) in the VAS. Descriptive statistics, including
the mean and standard deviation (SD) for continuous variables and
the frequency and percentage for categorical variables, were conducted.
Pearson correlation coefficients were used to assess the correlations
among depression, anxiety, and sleep quality. We used the aforemen-
tioned cutoff scores to identify elevated levels of depression, anxiety,
and sleep quality. To examine bivariate relations, Chi-squared tests
and an analysis of variance (ANOVA) were used with Bonferroni post-
hoc comparisons. Bonferroni corrections were used to determine the
significance levels of comparisons between groups.

To examine the associations of depression, anxiety, and sleep quality
with internet use, we started with multilevel logistic regressions that
considered the interdependence of students in the same class (Merlo
et al.,, 2005). We used the unconditional model (intercept only model)
to obtain intra-class correlation coefficient (ICC) estimates. The ICC
was calculated using [var (uq;)/[var(ugj) + (m?/3)], where var. (u0j) is
the random intercept variance and (m/3) ~ 3.29. ICC values of <0.2
were not significant and suggested a small proportion of the total vari-
ance between classes, and therefore the use of a multilevel approach
was not warranted (Merlo et al., 2005). A single-level analysis was
then suggested to use in subsequent analyses. A multiple logistic regres-
sion was adopted to examine the associations of depression, anxiety,
and sleep quality with internet use, after adjusting for demographic
and health characteristics. All data analyses were performed using IBM
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SPSS software (Version 25.0). All analyses with a p value of <0.05 were
regarded as statistically significant.

Results
Characteristics of participants

Of the 700 students recruited, 678 students completed the study
(completion rate = 96.9%), with 16 not returning the informed consent
form and six being absent on the survey date.

In total, 678 students completed the study, and their mean age was
16.1 + 0.9 years, including 395 (59.3%) females and 283 (41.7%)
males (Table 1). Most participants had no religion (92.9%); 118 students
(17.4%) reported drinking alcohol during the past month; 45% reported
doing less than 1 h/day of physical exercise, and around one-fifth
(21.4%) of the sample almost never exercised. The majority of partici-
pants rated their general health as “good to excellent” (75.8%). Only
three students (0.4%) reported smoking, which is consistent with a
prior finding of 0.2%-3.7% of smoking among students from eight high
schools in Vietnam (Pham, 2015), and this factor was not included in
further analyses due to the small percentage of individuals who re-
ported smoking (Table 1).

Distributions of depressive symptoms, anxiety symptoms, sleep quality, and
internet use

The average scores for depressive symptoms and anxiety were 14.5
+ 8.4 and 20.8 £ 4.3, respectively. Almost 20% of the students had a
high level of depression (19.6%), and 14.5% reported high levels of anx-
iety (Table 2). The mean score of sleep quality was 5.2 4 2.5, with 58.8%
of students reporting poor sleep quality. In total, 30.7% reported exces-
sive use of the internet (> 4 h/day), and 63.1% used the internet at
least 3 h/day. We found significant correlations between depression
and anxiety (r = 0.47), depression and sleep quality (r = 0.50), and
anxiety and sleep quality (r = 0.41) (p <.001) (Table 2).

Table 1

Descriptive characteristics of participants (n = 678).
Variable n %
Age, X &+ SD 16.1 £ 0.9
Gender
Male 283 41.7
Female 395 59.3
Grade
10 227 335
11 225 332
12 226 333
Religion
No religion 630 92.9
Buddhist/Catholic 48 7.1
Smoking
No 675 99.6
Yes 3 0.4
Alcohol consumption
No 560 82.6
Yes 118 17.4
Physical exercise
Almost never 145 214
<1 h/day 305 45.0
> 1 h/day 228 33.6
Self-rated general health
Excellent/very good/good 514 75.8
Fair/poor 164 24.2

Note: X, mean; SD, standard deviation.
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Table 2
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Distributions of depressive symptoms, anxiety symptoms, sleep quality, and internet use (n = 678).

Distribution

Pearson's correlation

n % X+ SD Depressive symptoms Anxiety symptoms Sleep quality
Depressive symptoms (CES-D) 145 + 8.4 1.00 0.47** 0.50"*
Low ({21) 545 80.4
High (> 21) 133 19.6
Anxiety symptoms (VAS) 20.8 4.3 - 1.00 0.41**
Low (< 26) 580 85.5
High (> 26) 98 14.5
Sleep quality (PSQI) 52425 - - 1.00
Good (< 5) 279 41.2
Poor (2 5) 399 58.8
Internet use
< 3 h/day 250 36.9
3-4 h/day 220 324
> 4 h/day 208 30.7

Note: X, mean; SD, standard deviation; CES-D, Center for Epidemiological Studies Depression Scale; VAS, Vietnamese Anxiety Scale; PSQI, Pitts-

burgh Sleep Quality Index; * p <.05; ** p <.001.

Depression, anxiety, and sleep quality with different levels of internet use

The ANOVA results showed significant differences in the mean
scores of depression (p = .001), anxiety (p = .008), and sleep quality
(p <.001) among the different levels of internet use. The Bonferroni
post-hoc test indicated that participants had higher symptoms scores
among excessive internet users (> 4 h/day) than among low internet
users (< 3 h/day) (p < .05). The differences between users of 3-4 h/
day and < 3 h/day were not significant. We also found a significant as-
sociation between excessive internet use and poor sleep quality (p =
.014), but not for depression (p = .07) or anxiety (p = .17) using »°
(Table 3). The results of internet use and sleep quality remained signif-
icant after using the Bonferroni corrections (p = .017).

Associations of internet use with depressive symptoms, anxiety symptoms,
and sleep quality

The analysis of multilevel unconditional models found small esti-
mates of ICCs for depressive symptoms (ICC = 0.019), anxiety symp-
toms (ICC = 0.008), and poor sleep quality (ICC = 0.041). The results
indicated that very small and non-significant values of total individual
differences in depression, anxiety, and sleep quality occurred at the
class level (p > .05). We then used multiple logistic regression models
to examine the associations of internet use with depressive symptoms,
anxiety symptoms, and sleep quality (Table 4).

The unadjusted models indicated that excessive internet use (>4 h/
day) was associated with an increased risk of depression (OR: 1.71, 95%

Table 3

CI: 1.07,2.71) and poor sleep quality (OR: 1.76,95% CI [1.21, 2.58]) com-
pared to low internet users (< 3 h/day) (p < .05). Meanwhile, female
students and those who reported fair or poor health had increased
odds of being in the high-depression, high-anxiety, and poor-sleep
groups (p < .05). Students in grade 11 (OR: 2.05, 95% CI [1.26, 3.33])
or 12 (OR: 1.66, 95% CI [1.01, 2.73]), and those with religion (OR: 2.69,
95% CI [1.45, 4.99]) were more likely to experience high depression
levels (p < .05), while students who exercised >1 h/day (OR: 0.39,
95% CI[0.21, 0.71]) reported less anxiety (p < .05). As to sleep quality,
students in grade 12 (OR: 1.93, 95% CI[1.32, 2.82]) and those who con-
sumed alcohol (OR: 1.59, 95% CI[1.04, 2.42]) had increased odds of poor
sleep quality (p < .05).

In the multivariate analyses, the adjusted ORs remained significant
for gender, grade, religion, and self-rated general health. Neither alcohol
consumption nor physical exercise was associated with depression,
anxiety, or sleep quality. Excessive internet use was associated with
sleep quality, but not with depression or anxiety (Table 4).

The relationship between excessive internet use and sleep quality
was further examined by including depression or anxiety as a covariate
variable as well as adding an interaction term of gender and depression/
anxiety subsequently. Students with excessive internet use (adjusted
OR 1.53, 95% CI [1.02-2.30], p = .04), high anxiety levels (aOR: 2.51,
95% CI[1.36,4.62], p = .03), or the interaction term (anxiety by gender)
(aOR: 7.30,95% C1[0.87,61.12], p = .07) were more likely to experience
poor sleep quality. Interestingly, the association of excessive internet
use with sleep quality became insignificant (aOR: 1.46, 95% CI [0.97,
2.21]) (p = .07) when adding depression (aOR: 5.36, 95% CI [2.64,

Distributions of depressive symptoms (CES-D), anxiety symptoms (VAS), and sleep quality (PSQI) with different levels of internet use (n = 678).

Internet use

Group I < 3 h/day Group I 3-4 h/day

Group IlI > 4 h/day Post-hoc comparison

(n = 250) (n =220) (n=208) between groups *
n (%) n (%) n (%) x F (df)
Depressive symptoms, X + SD 13.35 + 7.80 14.29 + 8.01 16.21 +£9.34 6.79 (2,675)** > 1
Low (< 21) 210 (84.0) 178 (80.9) 157 (75.5) 5.28
High (> 21) 40 (16.0) 42 (19.1) 51(24.5)
Anxiety symptoms, X & SD 20.34 + 4.5 20.63 + 4.01 21.56 4 4.40 4.82(2,675)* > 1
Low (< 26) 218 (87.2) 192 (87.3) 170 (81.7) 3.53
High (2 26) 32(12.8) 28 (12.7) 38(18.3)
Sleep quality, X & SD 4.78 +2.08 5.07 £2.25 5.89 £+ 2.93 12.52 (2,675)* > =, 1 > 1
Good (< 5) 118 (47.2) 91 (41.4) 70 (33.7) 8.61*
Poor (2 5) 132 (52.8) 129 (58.6) 138 (66.3)

Note: X, mean;SD, standard deviation; df, degrees of freedom; CES-D, Center for Epidemiological Studies Depression Scale; VAS, Vietnamese Anxiety Scale; PSQI, Pittsburgh Sleep Quality

Index; @ According to Bonferroni post-hoc tests; * p <.05; ** p <.001.
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Table 4

Relationships of internet use with depression, anxiety, and sleep quality in multiple logistic regression models (n = 678).
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Depression Anxiety Poor sleep quality
OR (95% CI) aOoR (95% CI)* OR (95% CI) aOR (95% CI)* OR (95% CI) aO0R (95% CI)?

Internet use

< 3 h/day 1.00 1.00 1.00 1.00 1.00 1.00

3-4 h/day 1.2410.77, 2.00] 1.35[0.81, 2.24] 0.99[0.58, 1.71] 0.97 [0.55, 1.71] 1.27 [0.88, 1.83] 1.20[0.82, 1.76]

> 4 h/day 1.71[1.07, 2.71]* 1.63[0.99, 2.68] 1.52[0.91, 2.54] 1.36[0.79, 2.32] 1.76 [1.21, 2.58]* 1.58 [1.06, 2.35]*
Gender

Male 1.00 1.00 1.00 1.00 1.00 1.00

Female 1.58 [1.06, 2.35]* 1.64 [1.03, 2.60]* 3.24[1.93, 5.43]** 2.99[1.70, 5.27]* 1.59[1.17, 2.17]* 1.66 [1.16, 2.38]*
Grade

10 1.00 1.00 1.00 1.00 1.00 1.00

11 2.05[1.26, 3.33]* 2.27[1.35, 3.82]* 0.91 [0.54, 1.53] 0.94 [0.54, 1.63] 1.36 [0.94, 1.97] 1.43[0.96,2.12)

12 1.66 [1.01, 2.73]* 1.41[0.83,2.39] 0.87[0.52, 1.47] 0.73[0.42, 1.28] 1.93 [1.32, 2.82]** 1.65[1.11, 2.46]*
Religion

No religion 1.00 1.00 1.00 1.00 1.00 1.00

Buddhist/Catholic 2.69 [1.45, 4.99]* 2.65[1.37,5.14]* 1.20 [0.54, 2.65] 1.41[0.61, 3.25] 1.18 [0.64, 2.16] 1.13[0.60, 2.13]
Alcohol consumption

No 1.00 1.00 1.00 1.00 1.00 1.00

Yes 1.20[0.74, 1.94] 1.09 [0.64, 1.85] 1.17 [0.68, 2.02] 1.63 [0.90, 2.96] 1.59 [1.04, 2.42]* 1.55[0.98, 2.44]
Physical exercise

Almost never 1.00 1.00 1.00 1.00 1.00 1.00

<1 h/day 0.90 [0.56, 1.46] 1.09 [0.65, 1.82] 0.77 [0.46, 1.27] 0.95[0.56, 1.61] 1.15[0.77,1.72] 1.36 [0.89, 2.09]

> 1 h/day 0.73[0.43, 1.23] 1.19[0.65, 2.15] 0.39[0.21, 0.71]* 0.68 [0.35, 1.33] 0.93 [0.61, 1.42] 1.33[0.83, 2.16]
Self-rated general health

Good/very good/excellent 1.00 1.00 1.00 1.00 1.00 1.00

Fair/poor 3.34[2.23, 5.00] 3.30[2.15, 5.08]**

2.16[1.38, 3.41]

1.79 [1.11, 2.88] 2.21[1.51,3.25] 2.08[1.39, 3.12]

Note: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
a

* p<.05.
** p < 001.

10.88]) (p <.001) or the interaction term (depression by gender) as co-
variates (aOR: 0.85, 95% C1[0.29, 2.51]) (p = .76).

Discussion

This study provides the first evidence of relationships between ex-
cessive internet use and mental health and sleep quality in high school
students in Vietnam, one of the most rapidly developing countries in
Asia. Our study found a significant proportion of excessive internet
use (30.7%), depressive symptoms (19.6%), anxiety symptoms (14.5%),
and poor sleep quality (58.8%) in these adolescents. Significant differ-
ences in all outcome measures of depression, anxiety, and sleep scores
were detected among adolescents with long internet use (> 4 h/day)
compared to those who used the internet <3 h/day. Even after adjusting
for demographic and health characteristics, excessive internet use
remained significant in students with poor sleep quality, but not in
those with high depression or high anxiety levels defined by the cutoff
scores. Our study adds to the existing literature by showing a significant
association of internet use and sleep quality among adolescents when
they spent more than 4 h/day on the internet, which is consistent
with the results reported by Berchtold et al. (2018). Additionally, our
findings extend the previous research conducted in developed countries
(Carli et al,, 2013) by confirming that excessive internet use was signif-
icantly associated with poor sleep quality among adolescents in a devel-
oping country. This study's strengths lie in the relatively large number of
high school students included and the use of universally valid tools as
measurements for depression, anxiety, and sleep quality in order to
allow comparisons with other studies. Our study results highlight the
need to prioritize health measures to address internet use and its im-
pacts on youth health.

In this study, the proportions of high school students who experi-
enced elevated depression, anxiety, or poor sleep quality were similar
to prior findings in Vietnam (Nguyen et al., 2013; Thai, 2010) and
China (Li et al., 2019). Most high school students in Asian countries,
such as Vietnam and China, need to complete a college entrance

aO0Rs and their 95% Cls were obtained after adjusting for all variables listed in this table.
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examination, which induces strong academic pressures on adolescents
(Nguyen et al., 2013; Tang et al., 2020). In addition, family-related fac-
tors, such as parental high expectations or over-involvement, may par-
tially explain the high levels of depression and anxiety found in high
school students in Asian cultures (Tang et al., 2020). Recently, a
school-based program highlighting sleep hygiene and relaxation
showed beneficial results in improving adolescents' sleep problems in
Australia, Brazil, Hong Kong, and New Zealand (Chung et al., 2017).
Whether such a school-based intervention or other effective programs
are suitable for Vietnamese youth is worth exploring.

In the present study, we found that almost two-thirds (60.3%) of
high school students reported using the internet for at least 3 h/day,
and half of those used it for more than 4 h/day (30.7%), which is higher
than the duration of screen time reported by previous studies in
Vietnam (Do et al., 2020) and Japan (Tamura et al., 2017). Our results
are consistent with an earlier study which suggested that the propor-
tion of excessive internet use among Vietnamese youths was compara-
ble or higher than that in other Asian countries, including the
Philippines, Korea, Taiwan, Singapore, Hong Kong, Malaysia, South
Korea, and Japan (Tran et al., 2017). Different perceptions of internet
use may explain the high use of the internet by Vietnamese adolescents.
For example, most Vietnamese youth believe that frequent use of the in-
ternet does not affect their health and that only online games can be ad-
dictive. They think that their real lives cannot be affected by internet
content, even when they feel anxious or uncomfortable after only one
day of not using the internet (Do et al., 2020). However, our under-
standing of internet use behaviors in Vietnam is still in its infancy, and
further longitudinal studies on excessive internet use are warranted to
develop appropriate interventions in order to reduce screen time
among adolescents.

Associations of internet use with depression and anxiety

In this study, excessive internet use was not associated with high
levels of depression or anxiety after adjusting for demographic and
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health factors. To this date, cross-sectional studies examining internet
use and depression or anxiety symptoms have shown inconclusive re-
sults. Studies of Australian adolescents (Hoare et al., 2017) and Chinese
college students (Wu et al., 2015) indicated positive associations be-
tween internet use and depressive symptoms. However, another
study based on Japanese adolescents did not find an association be-
tween mobile phone use and depression (p > .05) (Tamura et al.,
2017). The mixed findings might be because of the differences in sample
sizes, the characteristics of participants (high school or college stu-
dents), or the covariates considered (physical activity or the body-
mass index) among these studies. Notably, a female gender and self-
rated health status as fair/poor were significantly associated with all
outcomes in the current study, which is consistent with previous studies
in Vietnam and the United States (Bazargan-Hejazi et al., 2010; Nguyen
et al., 2013). The association between internet use and youth mental
health is inconclusive among different regions with various associated
factors, highlighting the importance of incorporating these factors into
interventions targeting depression, anxiety, and sleep problems in ado-
lescent populations, especially in developing countries such as Vietnam.

Association of internet use with sleep quality

Our study supports the argument that internet use might negatively
influence youth sleep quality, especially with students using the internet
for more than 4 h/day. These findings are consistent with a prior study of
adolescents in China (Tan et al., 2016). Also, Japanese adolescents who
used a mobile phone for >5 h/day had greater odds of insomnia than
those who used one for <1 h/day (aOR: 3.89, 95% CI: 1.21-12.49)
(Tamura et al., 2017). However, our results contrasted with the findings
from a previous study of Vietnamese youth reporting that internet use
was not associated with sleep problems (aOR: 1.02, 95% CI: 0.99, 1.05)
(p = .12) (Zhang et al., 2017). The mechanisms underlying the associa-
tion between internet use and sleep are complex, but the literature has
pointed out some potential explanations. For example, long exposure
to bright lights from electronic screens may delay melatonin secretion,
probably influencing brain activity and affecting cerebral blood flow
and brain electrical activity, resulting in delayed sleep onset (Huber
et al., 2002). Internet use might also change sleep processes, such as re-
ducing rapid eye movement (REM) sleep, slow-wave sleep, and sleep ef-
ficiency (Dworak et al., 2007). Further, prolonged use of electronic
devices might cause physical discomfort, such as muscle pain and head-
aches, which may impair users' sleep patterns (Thomée et al., 2011).
Currently, excessive internet use is quite common among youth and
can negatively influence youth sleep quality. Schools should therefore
pay attention to managing appropriate durations of internet use,
which might help prevent sleep problems among youth.

Practice implications

As excessive internet use increases in high school students who are at
avulnerable stage for developing depression, anxiety, and addiction, it is
crucial to promptly identify at-risk adolescents and their internet use
patterns in order to prevent the effects of prolonged screen time (Carli
et al., 2013). Pediatric nurses in primary care settings, in particular,
should assess the time youth spend using the internet and provide mea-
sures to raise their awareness of proper internet use. In addition, recent
evidence has indicated that school-based interventions that address
suitable and limited time on the internet, as well as its associations
with youth mental health, showed potential effectiveness in preventing
excessive internet use among adolescents (Vondrackova & Gabrhelik,
2016). For example, a video-based intervention effectively improved in-
ternet use attitudes with concomitant reduced screen time (Turel et al,
2015). School nurses are in an ideal position to provide educational pro-
grams for the prevention and detection of students' excessive internet
use. Future studies should also evaluate the efficacies of educational in-
terventions targeting students' parents, teachers, and peers, who
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positively influence adolescents' values and beliefs. It is suggested that
educational programs incorporate the cultural importance of family
bonding and teacher and parental involvement to maximize positive
outcomes for adolescents (Tang et al., 2020). The diffusion of internet
use is rising as the internet becomes affordable and accessible for most
adolescents in Vietnam (Do et al., 2020). Therefore, a longitudinal
study on changes in internet use over time and its impact on adolescents'
health outcomes is warranted for future research. Developing and eval-
uating intervention programs for preventing excessive or problematic
use are urgently needed to protect adolescent health in Vietnam.

Limitations

This study has some limitations that should be considered. First, due
to the nature of the cross-sectional methodology, causal relationships
were difficult to establish. Longitudinal studies are required to explore
the changes of internet use over time. Second, our study recruited partic-
ipants from a single high school in northern Vietnam. Therefore, the abil-
ity to generalize our findings to out-of-school adolescents or the entire
country is limited. Future studies that include multiple regions and
schools are thus warranted. Third, this study only examined the duration
of internet use without differentiating the reasons (studying, gaming, or
using social media) and timing (daytime or nighttime) of internet use.
It would be worthwhile to explore in future studies whether the reasons
and timing of internet use are related to mental health and sleep quality.
Fourth, the low sensitivity of the Vietnamese Anxiety Scale (31.3%) might
have caused an underestimation of the proportion of high anxiety symp-
toms. Finally, comprehensive analyses of risk and the protective factors of
mental health and sleep quality were not conducted in our study, such as
teacher and peer relationships, caffeine intake, coping strategies, and so-
cial support. These variables should be included in future studies.

Conclusions

Our study highlights that excessive internet use, depression, anxiety,
and poor sleep quality were common among high school students in
northern Vietnam. Students with more than 4 h of internet use per
day reported more depression and anxiety symptoms and poorer
sleep quality. After taking into account the covariates, high school stu-
dents who used the internet for more than 4 h/day were only associated
with higher odds of experiencing poor sleep quality. Interventions that
aim to reduce the duration of internet use may therefore be beneficial
for improving youth sleep quality.
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