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Background and aims: The aim of the study is to investigate (a) whether probable depression status assessed at
baseline prospectively predicted new incidence of Internet addiction (IA) at the 12-month follow-up and (b) whether
IA status assessed at baseline prospectively predicted new incidence of probable depression at follow-up. Methods:
We conducted a 12-month cohort study (n= 8,286) among Hong Kong secondary students, and derived two
subsamples. The first subsample (n= 6,954) included students who were non-IA at baseline, using the Chen Internet
Addiction Scale (≤63), and another included non-depressed cases at baseline (n= 3,589), using the Center for
Epidemiological Studies Depression Scale (<16). Results: In the first subsample, 11.5% of the non-IA cases
developed IA during follow-up, and probable depression status at baseline significantly predicted new incidence of IA
[severe depression: adjusted odds ratio (ORa)= 2.50, 95% CI= 2.07, 3.01; moderate: ORa= 1.82, 95% CI= 1.45,
2.28; mild: ORa= 1.65, 95% CI= 1.32, 2.05; reference: non-depressed], after adjusting for sociodemographic
factors. In the second subsample, 38.9% of those non-depressed participants developed probable depression
during follow-up. Adjusted analysis showed that baseline IA status also significantly predicted new incidence of
probable depression (ORa= 1.57, 95% CI= 1.18, 2.09). Discussion and conclusions: The high incidence of
probable depression is a concern that warrants interventions, as depression has lasting harmful effects in adolescents.
Baseline probable depression predicted IA at follow-up and vice versa, among those who were free from IA/probable
depression at baseline. Healthcare workers, teachers, and parents need to be made aware of this bidirectional finding.
Interventions, both IA and depression prevention, should thus take both problems into consideration.
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INTRODUCTION

Internet addiction (IA) refers to generalized symptoms result-
ing from excessive online activities, including uncontrollable
urges, preoccupation with use, and problems encountered
when attempting to cut back, and poor school and job
performance (Young, 2004). Although not recognized as a
disorder in nosography manuals, it is associated with aca-
demic problems (Tang et al., 2014; Yang & Tung, 2007),
family problems (Park, Kim, & Cho, 2008; Yang & Tung,
2007), low self-esteem (Yang & Tung, 2007), hopelessness,
anxiety (Cho, Sung, Shin, Lim, & Shin, 2013; Fu, Chan,
Wong, & Yip, 2010; Tang et al., 2014), depression (Cheung
& Wong, 2011; Cho et al., 2013; Fu et al., 2010; Tang et al.,
2014; Yang & Tung, 2007), and suicide ideation (Fu et al.,
2010) among adolescents. However, the majority of these
findings were based on cross-sectional studies.

Based on the Chen Internet Addiction Scale (CIAS;
Chen, Weng, Su, Wu, & Yang, 2003), the prevalence of

adolescent IA was 9.6% in China, 16.4% in Hong Kong,
6.2% in Japan, 9.7% in South Korea, 14.1% in Malaysia,
and 21.1% in the Philippines (Mak, Lai, Watanabe, et al.,
2014). The relationship between IA and depression among
adolescents is of particularly important as adolescent de-
pression is prevalent and impactful. Depressive disorders
ranked as the fourth leading cause of disability-adjusted life-
years among the adolescents (Global Burden of Disease
Pediatrics Collaboration et al., 2016). Adolescent depression
caused depression in early adulthood (O’Connor et al.,
2011), smoking, suicidal ideation, and suicide attempt (Lam
et al., 2005; Lewinsohn, Rohde, & Seeley, 1994; Wong
et al., 2008). Based on a commonly used non-diagnostic
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screening tool, the Center for Epidemiological Studies
Depression Scale (CESD), a Taiwan study (Lin et al.,
2008), a mainland China study (Jin, Chang, & Ma,
2013), and a Hong Kong study (Li, Chan, Chung, & Chui,
2010) reported prevalence of severe depression (CESD
>28) of 12.3% and probable depression (CESD ≥16) of
30.0%–38.3% among adolescents. Two studies that used
other tools reported a prevalence of probable depression of
19.1% (moderate–severe) (Lam, 2015) and 11.3% (Chan,
Leung, Fong, Leung, & Lee, 2010) among Hong Kong
adolescents.

In a systematic review, 14 studies reported significant
associations between IA and depression (Carli et al., 2013).
One longitudinal study (n= 1,041) conducted in Guangzhou,
China found that severe/moderate pathological Internet
use predicted adolescent incident depression during a
9-month follow-up period (Lam & Peng, 2010); other
longitudinal studies investigated the relationship between
changes in levels of depression and IA symptoms (Dong,
Lu, Zhou, & Zhao, 2011; Fu et al., 2010). In the reverse
direction, several studies conducted in Korea (n= 489; Cho
et al., 2013) and Taiwan (n= 1,602 and 1,848; Chang, Chiu,
Lee, Chen, & Miao, 2014; Ko, Yen, Chen, Yeh, & Yen,
2009) found that baseline depression prospectively pre-
dicted incident IA cases. Thus, the prospective relationship
between IA and depression could be unidirectional or
bidirectional. Only two studies investigated such bidirec-
tional relationships in the same study. A 6-month longitu-
dinal study (n= 660) conducted in the Netherlands found no
significant prediction in either direction (van den Eijnden,
Meerkerk, Vermulst, Spijkerman, & Engels, 2008). A
Spanish study found that only particular aspects of prob-
lematic Internet use predicted depression symptoms while
depression symptoms predicted some aspects of problematic
Internet use among adolescents (Gamez-Guadix, 2014).

As both IA and depression can be the causes and con-
sequences of each other, this study provides better under-
standings than many existing cross-sectional studies on
whether IA predicts incident depression, depression predicts
incident IA, or both are true. To answer the question, we
have to use subsamples within the same sample to eliminate
sampling and methodological differences. The two similar
studies (Gamez-Guadix, 2014; van den Eijnden et al., 2008)
involved different methodologies, and did not focus on
prediction of conversion of IA/depression status. No study
has looked at bidirectional prediction of incident IA and
probable depression among those who are free from such
conditions at baseline within the same sample. This study
made such attempts and contributions to literature. If there
are significant predictions, the study has strong implications
on prevention of IA among those without IA at baseline by
suggesting that such interventions should reduce depressive
symptoms among those who are probable depression cases
at baseline. Similarly, depression prevention among non-
probable depression cases at baseline should include ele-
ments of reducing Internet overuse targeting those with IA at
baseline.

In this longitudinal study, we used two validated scales
(CESD and CIAS) and their cut-off points, which have
strong literature support, to identify conversions of probable
depression and IA statuses. The cut-off point of CESD≥16

was associated with depression defined by both standardized
psychiatric interviews and assessment tools, suicide
attempts, and unhealthy dietary/sleep patterns (Akbaraly
et al., 2009; Jones et al., 2005; Radloff, 1977; Supartini,
Oishi, & Yagi, 2017; Weissman, Sholomskas, Pottenger,
Prusoff, & Locke, 1977; Yang, Jia, & Qin, 2015). It
predicted incidences of early hypertension and diabetes,
and cardiovascular mortality (Davidson, Jonas, Dixon, &
Markovitz, 2000; Everson-Rose et al., 2004; Tillmann et al.,
2017). One study reported satisfactory test–retest reliability
and dimensionality, and found that about half of Grade 9–12
students were probable depression cases (≥16) (Roberts,
Andrews, Lewinsohn, & Hops, 1990). Studies also used
CESD ≥16 to estimate probable depression prevalence
among Chinese adolescents (e.g., Ding et al., 2017; Jin
et al., 2013; Liu, Hong, & Niu, 2012; Yang et al., 2015).
Such studies also found significant relationships between
probable depression (CESD ≥16) and health problems, such
as substance dependence (Dai, Xiu, Li, Wang, & Hu, 2017),
suicidal attempts (Yang et al., 2015), and childhood trauma
(Ding et al., 2017) among Chinese adolescents.

The validity of the CIAS was confirmed by testing
against the diagnostic results formulated by some psychia-
trists among 454 Chinese adolescents, and the cut-off point
(63/64) was the best for discriminating IA cases from non-
cases, with a high accuracy (87.6%) and specificity (92.6%)
(Ko et al., 2005). This cut-off point has been employed in
other Chinese adolescent studies (e.g., Ko et al., 2015; Mak,
Lai, Ko, et al., 2014; Yen, Ko, Yen, Chang, & Cheng, 2009;
Yen, Yen, Chen, Chen, & Ko, 2007). The classification
outcome was significantly associated with daily Internet use,
Internet use >20 hr/week, and online gaming. It was also
associated with numerous psychosocial problems, such as
aggression, neuroticism, poor overall family function, high
parent–adolescent conflict, substance-use experience, poor
mental health, and poor social functioning (Ko et al., 2005,
2006; Ko, Yen, Liu, Huang, & Yen, 2009; Mak, Lai,
Watanabe, et al., 2014; Yan, Li, & Sui, 2014; Yen et al.,
2007).

We investigated whether the status of probable depres-
sion assessed at baseline would prospectively predict inci-
dent IA during the 12-month follow-up among those who
were free from IA at baseline, and whether IA status
assessed at baseline would predict incident probable depres-
sion developed during the follow-up period among those
who were free from probable depression at baseline. We
hypothesized that (a) IA at baseline would predict conver-
sion from non-probable depression at baseline to probable
depression at follow-up among those who were non-
depressed at baseline, and (b) probable depression at base-
line would predict the conversion from non-IA at baseline to
IA at follow-up among those who were non-IA at baseline.

METHODS

Participants and procedures

The baseline survey was conducted during September 2012
through January 2013. We invited all Chinese Secondary
1–4 students of one school from each of the 19 districts in
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Hong Kong to participate in the study. Parents could return
an opt-out form (1.6%). The return of the completed anony-
mous questionnaire implied informed consent. A total of
9,666 students voluntarily participated in the baseline sur-
vey (response rate= 94.1%) in classroom settings. The
follow-up survey was conducted during September 2013
through February 2014. Participants’ identity card number
(last five digits), date of birth, and phone number (last four
digits) were used for matching. Using the same data set,
some sociodemographic and cognitive predictors of incident
IA (not included depression) were reported in another paper
(Lau, Gross, Wu, Cheng, & Lau, 2017).

Measures

IA status. IA status was assessed using the 26-item CIAS.
Ko et al. (2005) have validated CIAS among Chinese
adolescents and suggested the cut-off score of CIAS>63
for defining IA cases. Items were measured on Likert scales
ranging from 1 (does not apply to me at all) to 4 (applies to
me very much), and total score ranged from 26 to 104.
Cronbach’s α was .95 at both baseline and follow-up.

Probable depression. Depressive symptoms in the pre-
ceding week were assessed using CESD-20, which was
translated into Chinese and had shown good internal con-
sistency among Hong Kong adolescents (Li et al., 2010).
The items were rated on 4-point Likert scales, ranging from
0 (never) to 3 (often). The cut-off point of ≥16 defined
probable depression (mild–severe). Probable depression
represents higher risk of having depression instead of a
clinical diagnostic status. Cronbach’s α values were .90 and
.91 at baseline and follow-up, respectively.

Background variables. Sociodemographic data were
recorded.

Statistical analyses

χ2 tests and independent-sample t-tests were performed for
between-group comparisons. Multilevel logistic regression
models (MLwiN 2.30; developed by Centre for Multilevel
Modelling, University of Bristol, UK) were fit to investigate
longitudinal predictions, considering intracorrelation among
participants. Two-level models (Level 1: student; Level 2:
school) with random intercepts were fit, allowing intercepts
of the regression models to vary across schools. Separate
categories were created for missing responses. We adjusted
for sociodemographics, and also baseline CIAS (or CESD)
when predicting incident IA (or probable depression) at the
follow-up. SPSS version 20.0.0 was used for other data
analysis. Statistical significance was claimed at p< .05.

Ethics

Informed consent was sought from both the student parti-
cipants and their parents. The questionnaire was anony-
mous, and the baseline and follow-up data were matched by
a self-generated code based on the last five digits of each
participant’s identity card, their date of birth, and the last
four digits of their phone number. The study procedures
were carried out in accordance with the Declaration of
Helsinki. Ethical approval was obtained from the Survey

and Behavioral Ethics Committee, the Chinese University of
Hong Kong.

RESULTS

The two subsamples

Of the 10,275 students invited, 9,666 (94.1%) and 9,762
(95.0%) completed the baseline and 12-month follow-up
surveys, respectively; 8,286 (85.7%) could be matched. The
first subsample consisted of those who were free from IA
(CIAS ≤ 63) at baseline (the non-IA subsample; n= 6,954),
and was used for the prediction of incident IA cases at
follow-up, using the baseline CESD score. The second one
consisted of those who did not have probable depression
(CESD<16) at baseline (the non-depressed subsample; n=
3,589), and was used for prediction of incident probable
depression cases at follow-up, using the baseline IA status.
Of the participants of the entire sample (n= 8,286), 40.5%
belonged to both subsamples.

Participants’ baseline characteristics

In the non-IA subsample, those who were loss-to-follow-up
were more likely than the followed-up group to be males
and Secondary 4 school students, have a parent with higher
education, live with only one parent or no parent, and have
moderate to severe depression (p< .05); similar differences
were observed in the non-depressed subsample (Table 1).
Some of these comparisons were previously reported (Lau
et al., 2017).

In the non-IA subsample (n= 6,954), 51.0% were male,
16.1%/12.8% had a father/mother with university education
or above, respectively, 84.2% lived with both parents, and
78.9% were born in Hong Kong. Their prevalence of
probable mild to severe depression (CESD ≥16) at baseline
was 51.1% (16.0%, 13.7%, and 21.4% for mild, moderate,
and severe depression, respectively). The background
characteristics of the followed-up non-depressed subsample
(n= 3,589) were similar to those of the first subsample
(Table 1). The prevalence of IA (CIAS >63) at baseline was
6.2% in this non-depressed subsample.

Sociodemographic factors as predictors

In the non-IA subsample, female sex negatively predicted
[univariate odds ratio (ORu)= 0.71, 95% CI= 0.61, 0.83],
while birthplace outside Hong Kong and absence of infor-
mation about the length of stay in Hong Kong positively
predicted (ORu= 1.64, 95% CI= 1.03, 2.61) incident IA.
Female sex positively predicted (ORu= 1.27, 95%CI= 1.10,
1.47), while birthplace outside Hong Kong but having lived
in Hong Kong for <7 years negatively predicted (ORu=
0.73, 95% CI= 0.56, 0.96) incident probable depression.

Using baseline probable depression/IA status to predict
incident IA/probable depression

In the non-IA subsample, 797 (11.5%) turned into incident
IA cases during the follow-up period. Adjusted for all
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Table 1. Comparison of baseline characteristics between followed up cases and loss-to-follow-up cases among participants
of the two subsamples

Column %/Mean (SD)

Non-probable IA (CIAS≤ 63) at
baseline (N= 8,073)

Non-probable depression (CESD< 16)
at baseline (N= 4,100)

Followed up (n= 6,954;
i.e., non-IA subsample)

Loss-to-follow-up
(n= 1,119)

Followed up (n= 3,589;
i.e., non-depressed

subsample)
Loss-to-follow-up

(n= 511)

Sexa,b

Male 51.0 61.1 57.1 69.3
Female 48.5 37.9 42.3 29.9
Missing 0.5 1.0 0.5 0.8

School gradea,b

Secondary 1 25.5 26.2 28.5 29.4
Secondary 2 25.0 21.3 26.1 22.5
Secondary 3 25.9 25.6 24.4 21.7
Secondary 4 23.7 26.9 21.0 26.4

Father’s education levela,b

Junior secondary or below 27.7 21.9 26.7 20.7
Senior secondary 38.9 33.8 38.7 34.6
University/colleges or above 16.1 25.9 17.0 27.8
Did not know 17.4 18.4 17.6 16.8

Mother’s education levela,b

Junior secondary or below 28.1 22.6 27.7 20.4
Senior secondary 42.8 37.1 41.3 39.3
University/colleges or above 12.8 22.3 14.2 24.3
Did not know 16.3 18.1 16.7 16.0

Living arrangement with parentsa

Living with both parents 84.2 81.3 85.6 84.0
Not living with both parents 2.8 3.2 2.3 2.5
Living only with mother 8.9 9.6 8.3 7.6
Living only with father 2.4 3.9 2.2 3.7
Missing 1.7 2.0 1.6 2.2

Place of birtha

Born in HK 78.9 79.8 78.8 80.2
Not born in HK but had lived
in HK≥7 years

12.2 11.8 12.1 12.1

Not born in HK but had lived
in HK<7 years

6.6 4.9 7.1 4.5

Not born in HK and did not
remember how long he/she
had lived in HK

1.8 2.2 1.5 2.2

Missing 0.5 1.3 0.5 1.0
CIAS (range: 26–104) 45.65 (11.19) 45.24 (11.76) 44.03 (12.80) 43.50 (13.56)
Classified as probable IA
No (CIAS≤63) 100.0 100.0 93.6 94.1
Yes (CIAS>63) 0.0 0.0 6.2 5.3
Missing 0.0 0.0 0.2 0.6

CESD (range: 0–60)a,b 16.97 (9.95) 18.78 (10.48) 8.75 (4.01) 9.36 (3.86)
Classified as probable depressiona

No (CESD< 16) 48.3 43.0 100.0 100.0
Yes (CESD≥ 16) 51.1 55.8 0.0 0.0
Missing 0.6 1.3 0.0 0.0

Note. SD: standard deviation; HK: Hong Kong; IA: Internet addiction; CESD: Center for Epidemiological Studies Depression Scale; CIAS:
Chen Internet Addiction Scale.
aAmong non-probable IA participants at baselines, p value obtained from χ2 test or independent 2-sample t-test was smaller than .05.
bAmong non-probable depressed participants at baselines, p value obtained from χ2 test or independent 2-sample t-test was smaller than .05.
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sociodemographic background variables, baseline probable
depression status significantly predicted incident IA
[severe depression: adjusted odds ratio (ORa) = 2.50;
95% CI= 2.07, 3.01; moderate depression: ORa= 1.82;
95% CI= 1.45, 2.28; mild depression: ORa= 1.65; 95%
CI= 1.32, 2.05; reference= not depressed at baseline]. The
odds ratios remained statistically significant although be-
came smaller when we further adjusted for baseline CIAS
score (severe depression: ORa= 1.74, 95% CI= 1.43, 2.11;
moderate depression: ORa= 1.32, 95% CI= 1.05, 1.67;
mild depression: ORa= 1.27, 95% CI= 1.02, 1.60; refer-
ence= not depressed; Table 2).

In the non-depressed subsample, 1,397 (38.9%) turned
into incident depression cases during follow-up. Similarly,
adjusted for all background variables, baseline IA status
significantly predicted incident probable mild or above
depression (CESD ≥16) (ORa = 1.57, 95% CI= 1.18,
2.09) during follow-up. The odds ratios remained
statistically significant when we further adjusted for the
baseline CESD score (ORa = 1.39, 95% CI= 1.05, 1.86;
Table 2).

DISCUSSION

In the non-IA subsample, 11.5% converted to IA. Incident
IA was predicted by baseline probable depression status
(adjusted analysis), with the odds ratios increasing with the
severity of baseline probable depression status. The findings
corroborated some Korean and Taiwanese adolescent stud-
ies (Chang et al., 2014; Cho et al., 2013; Ko, Yen, Chen,
et al., 2009). Adolescents may develop IA when they seek
excitement or escape from negative emotions through the
Internet (Kardefelt-Winther, 2014; Kim & Haridakis, 2009;
Li, Liau, & Khoo, 2011; Ryan, Chester, Reece, & Xenos,
2014). Those with depressive symptoms are thus prone to
develop problematic Internet use. It is plausible that those
with baseline probable depression might have higher

baseline CIAS scores (a potential confounder) that might
also predict incident IA at follow-up. We have removed
such effect, as the analysis was adjusted for baseline CIAS
scores. The odds ratios remained significant and became
smaller. It was substantial between those with severe prob-
able depression and those without probable depression (the
reference group) at baseline. Those with moderate/mild
baseline probable depression only showed slightly moder-
ate, but statistically significant, elevated risks for incident IA
compared to the reference group (ORa about 1.3). A dosage
effect was detected.

Baseline IA status also significantly predicted incident
probable depression among those who were free from
probable depression at baseline. Similar findings have been
reported among adolescents in Guangzhou, China (Lam &
Peng, 2010). Adolescents with IA were vulnerable to ad-
verse consequences such as low academic esteem and
conflicts with/rejection by parents, and experienced high
associated stress (Chen & Peng, 2008; Li, Garland, &
Howard, 2014). These negative experiences and emotions
(stressors) may induce depression (Hammen, 2005).

IA is a generalized problem that involves an umbrella of
overlapping behaviors, as Internet use serves multiple pur-
poses (e.g., information seeking, work, learning, leisure, and
social interactions). Recently, specific Internet-related
addictions (e.g., social networking addiction and Internet
gaming disorder; Montag et al., 2015; Wu, Chen, Tong, Yu,
& Lau, 2018) have drawn much attention. IA was signifi-
cantly associated with such Internet-related addictions, but
the strength of such associations and the associated factors
depended on the exact type of addiction (Choi et al., 2015;
Montag et al., 2015). It is a limitation of this study that
we did not record specific Internet-related activities and
did not assess specific forms of online addictive activities
(e.g., Internet gaming disorder). Hence, we are unable
to know which aspects of Internet use caused the partici-
pants’ IA (Starcevic, 2013), and whether the observed
bidirectional relationships would remain true for specific

Table 2. Baseline probable depression status and baseline IA status as predictors

ORa [95% CI]a

Prediction of new IA incidence among non-IA at baseline (n= 6,954)
Center for Epidemiologic Studies Depression (CESD)

Non-depressed (CESD<16) 1
Mild depression (CESD= 16–20) 1.27 [1.02, 1.60]*
Moderate depression (CESD= 21–24) 1.32 [1.05, 1.67]*
Severe depression (CESD≥25) 1.74 [1.43, 2.11]**
Missing 1.43 [0.54, 3.82]

Prediction of new probable depression incidence among non-depressed at baseline (n= 3,589)
Classified as Internet addict

No (CIAS≤ 63) 1
Yes (CIAS> 63) 1.39 [1.05, 1.86]*

Note. CI: confidence interval; IA: Internet addiction; CIAS: Chen Internet Addiction Scale; ORa: adjusted odds ratio.
aOdds ratio obtained by multilevel logistics regression (Level 1: student; Level 2: school) adjusted by all sociodemographic factors and either
baseline CESD score (when predicting new IA incidence) or baseline CIAS score (when predicting new probable depression incidence), with
varying-intercept across schools.
*p< .01. **p< .001.
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Internet-related addictions. Such comparisons are warranted
in future studies.

The observed prevalence of probable depression (mild–
severe; CESD score ≥16) was very high. Readers should be
mindful about its interpretation. First, it is always true that
prevalence of screening tools’ results is tool-dependent and
involves false positives, although the study used validated
tools. Second, this study assessed probable depression
(i.e., high risk of having depression instead of clinical
diagnosis), which has higher prevalence than diagnosis.
Third, false positives are more likely to occur when the
disorder is rare (Maraz, Király, & Demetrovics, 2015).
Fourth, although various adolescent studies have found
satisfactory reliability and validity of CESD, and many of
them (including Chinese students) have used the same cut-
off points and some have reported similarly high prevalence
of probable depression (e.g., Jin et al., 2013; Radloff, 1991;
Roberts et al., 1990), other cut-off points might have been
chosen. A number of adult studies have reported satisfactory
sensitivity and specificity regarding the CESD cut-off point
of 16 (Cheung, Liu, & Yip, 2007; Li & Hicks, 2010; Stahl
et al., 2008). It is a limitation that there are few such studies
that involved adolescents. One study looked at sensitivity/
specificity of CESD≥ 16 regarding suicidal ideation among
Irish youths 18–24 years old (Horgan, Kelly, Goodwin, &
Behan, 2018). Further studies need to look at the perfor-
mance of different cut-off points of CESD, when it is
applied to adolescents. Future studies may also compare
the validity and cut-off points of CESD against those of
Center for Epidemiologic Studies Depression Scale for
Children (Weissman, Orvaschel, & Padian, 1980), a version
that has wording adjusted for children.

The high prevalence of probable depression is still
worthy of attention. Previous local studies based on the
same and different tools and cut-off points have reported
high prevalence of probable depression in Hong Kong
(Chan et al., 2010). It is possible that secondary students
in Hong Kong are under huge stress (Leung & To, 2009),
which may increase the risk of depression. Same might be
true in some Asian countries such as Vietnam (Nguyen,
Dedding, Pham, & Bunders, 2013). It is also alarming that
about 40% of the non-depressed secondary students at
baseline turned into probable depression cases during
follow-up. Future studies on incidence of depression and
prevention interventions are greatly warranted.

This may be the first study to test bidirectional predic-
tions of incident IA/depression among those who were free
from IA/depression at baseline from two subsamples of the
same parent sample. Unlike this study, the two previous
ones conducted in Spain and the Netherlands (Gamez-
Guadix, 2014; van den Eijnden et al., 2008) did not find
clear significant bidirectional relationships between adoles-
cent IA and depression. These studies tested the associations
between the symptoms (instead of conversions into prob-
lematic statuses) of these two health problems assessed at
the baseline and follow-up, using cross-lagged analyses.
The different findings between theirs and ours might be due
to methodological differences (e.g., sampling, sample size,
and length of follow-up) and contextual factors (e.g., edu-
cation experience, culture, and availability of Internet). They
treated IA and depression as continuous variables and used

the entire sample; this study looked at conversion of status
across cut-off points at follow-up in two subsamples that
were initially free from the respective conditions. Both
approaches have their merits and demerits.

Our “cut-off” approach has been very widely used to
identify predictors of conversion into incident depression/IA
over time among those were initially free from such
conditions (e.g., Chang et al., 2014; Ko et al., 2015; Lam
& Peng, 2010; Rierdan, Koff, & Stubbs, 1989; Suh et al.,
2013). The tools and respective cut-off points used in this
study have been well validated and widely applied to
previous adolescent studies (Chang et al., 2014; Jin et al.,
2013; Ko et al., 2005; Mak, Lai, Ko, et al., 2014; Radloff,
1991; Rodrigo et al., 2010; Schoenbach, Kaplan, Wagner,
Grimson, & Miller, 1983; Tamura, Nishida, Tsuji, &
Sakakibara, 2017; Yang et al., 2015). International compar-
isons are possible. The findings may be more interpretable
than those based on continuous variables and regression
coefficients and have better public health implications. The
findings also inform design of selective interventions for
prevention of incident IA/depression to consider both pro-
blems. The screening can be used to recruit participants for
such interventions. One key limitation of our approach is,
however, that those within the two dichotomized groups
were regarded as having the same risk levels, an issue shared
by all similar studies using this approach. From another
angle, the cross-lagged approach has the advantage of
utilizing the entire sample. It has also been commonly used,
and can be used to identify the “causal winner.” However,
such comparison is not the purpose of the study. That
approach also has the limitation that the practical meaning
of a unit increase in scale score would differ according to the
baseline scores. Thus, the two approaches actually answer
different research questions and target different groups; both
are potentially important depending on the purpose of the
study. We believe that the “cut-off” approach was more
adapted to our objectives.

Besides clarifying the significance of bidirectional pro-
spective predictions, the findings have further important
prevention implications. Prevention interventions for de-
pression targeting students without probable depression at
baseline are warranted, as 38.9% of them turned into
probable depression cases (CESD ≥16) after 1 year, accord-
ing to our data. Our findings further suggest that among
6.2% of the students were IA cases at baseline, and more
importantly, IA was a significant predictor of the conversion
into incident depression. Using screening tests, healthcare
workers can conduct selective interventions for students
who are identified as not being probable depression cases
(e.g., using CESD) but possess some high-risk factors of
depression (e.g., low social support, loneliness, and low
self-efficacy; Brage, Campbell-Grossman, & Dunkel, 1995;
Ehrenberg, Cox, & Koopman, 1991; Lam & Peng, 2010;
Sheeber, Hops, Alpert, Davis, & Andrews, 1997). Such
interventions may be school-based and should include a
special module of intervention for reducing Internet
(e.g., self-control, time management, and outcome expec-
tancy modification; Vondráčková & Gabrhelík, 2016) for
those with IA at baseline.

Similarly, IA prevention among non-IA students is also
necessary, as 11.5% of them became IA cases after
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12 months. Of these target students (non-IA at baseline),
51.1% had probable depression at baseline and elevated risk
of conversion to incident IA cases after 12 months. IA
prevention targeting non-IA at baseline, therefore, may be
beneficial by including a simple screening test for probable
depression, and providing interventions among those with
probable depression at baseline to reduce depressive
symptoms (e.g., positive psychology intervention; Sin &
Lyubomirsky, 2009). A number of effective preventive inter-
ventions for IA have been reported (King et al., 2018).
Prevention of both incident IA and incident depression may
share some common risk factors (e.g., low self-esteem and
poor family function; Lin et al., 2008; Yang & Tung, 2007).
Prevention interventions for IA/depression are different from
treatment interventions, which attempt to reduce depressive
symptoms and/or Internet overuse among those with probable
depression and/or IA cases at baseline.

The study has some limitations. We believe that the
findings can be generalized to Hong Kong, as we sampled
schools from all of the districts and involved all students within
the grades with a high response rate. Yet, school selection was
not random. There was about 20% of loss-to-follow up. With
the large sample size, many variables were statistically signifi-
cant when the follow-up and non-follow-up cases were com-
pared. Generalization to adult samples is unknown. Another
limitation is that we recorded the grade but not age; age was
relatively homogeneous with school grades in Hong Kong, but
there are exceptions. The questions on IA may involve under-
reporting due to social desirability bias, whereas depressed
people may overreport IA symptoms because of their negative
perceptions and evaluations of themselves and their behaviors
(Baggio et al., 2015). Last but not least, given practical
constraints and resource limitations, there were only two
surveys conducted 1 year apart. A longer-term follow-up is
warranted. The test–retest reliability is another potential issue.
It is a limitation that it was not tested in this study, although
previous studies reported satisfactory to good 1-week test–
retest reliability for CESD among adolescents (Roberts et al.,
1990; Yang, Soong, Kuo, Chang, & Chen, 2004).

CONCLUSIONS

Our findings demonstrate that IA potentially predicted prob-
able depression and vice versa for those who were free from
the predicted outcome at the baseline. Although we find
significant bidirectional predictions, the research design can-
not establish causalities. Besides the effect of baseline de-
pressive symptoms on IA at follow-up, depressive symptoms
at follow-up, or symptoms developed during the two time
points, may also affect IA at follow-up; IA level at follow-up
may similarly affect depression at follow-up. Our data sup-
port the hypothesis that IA and depression symptoms are
potential causes and consequences of each other. The con-
tention about causalities requires further longitudinal studies.
However, practical skills for promoting controlled Internet
use should be incorporated in programs targeting adolescents
who show depressive symptoms and signs of IA. IA preven-
tion programs should also reduce negative moods of those
with depressive symptoms. Related health workers thus need

to develop new awareness and skill sets. Pilot intervention
research and programs that simultaneously tackle both IA and
depression problems are warranted.
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