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Abstract
Problematic Internet use (PIU), hyperactivity/inattention, and depressive symptoms are comorbid problems in adolescence, 
but the causal relationships among these issues are unclear. To assess the relationships among PIU, hyperactivity/inattention, 
and depressive symptoms in adolescents in the general population. This longitudinal cohort study used data from the Tokyo 
Teen Cohort study in Tokyo, Japan, for two years between October 2012 and January 2015. Of the 3171 pairs of children 
and parents, 3007 pairs continued to participate in the second wave of the Tokyo Teen Cohort study. A total of 3007 children 
were included in the analysis (mean [standard deviation] age, 9.7 [0.4] years; 1418 women [47.2%]. Cross-lagged panel 
analysis revealed that PIU at timepoint 1 was significantly associated with hyperactivity/inattention at timepoint 2 (β = 0.03; 
95% confidence interval (CI) 0.01–0.06), and hyperactivity/inattention at timepoint 1 was also significantly associated with 
PIU at timepoint 2 (β = 0.07; 95% CI 0.04–0.10), even after adjustments were made for depressive symptoms. Furthermore, 
PIU at timepoint 1 was significantly associated with depressive symptoms at timepoint 2 (β = 0.05; 95% CI 0.01–0.12), and 
depressive symptoms at timepoint 1 were also significantly associated with PIU at timepoint 2 (β = 0.05; 95% CI 0.02–0.07), 
even after adjustments were made for hyperactivity/inattention. These results support the bidirectional relationships among 
PIU, hyperactivity/inattention, and depressive symptoms. PIU may be a target to improve hyperactivity/inattention and 
depressive symptoms in adolescents.
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Introduction

Problematic Internet use (PIU), which includes Internet 
addiction and compulsive Internet use, is characterized 
by an inability to control Internet use [1]. Recently, PIU 
has been a common problem among adolescents, with a 
prevalence of 7.9–16.0% [2, 3]. While Internet use is one 
of the most important methods for obtaining information 
about daily life and school study for adolescents, PIU is 
associated with negative behavioral and psychological 
outcomes in adolescents [4–7]. A typical behavioral fea-
ture of adolescents with PIU is hyperactivity/inattention 
(83.3%), and common co-occurrent psychopathology is 
depression (30%) [8]. The relationship between PIU and 
behavioral/psychological symptoms has been examined, 
but it is unclear whether the longitudinal relationship of 
each symptom is unidirectional or bidirectional.

With regard to the relationship between PIU and hyper-
activity/inattention, there was evidence of only one direc-
tion of causality. A previous longitudinal study reported 
that attention-deficit hyperactivity disorder (ADHD) pre-
dicted the occurrence of PIU [9]. Although digital media 
use is associated with the risk of ADHD symptoms [10] 
and PIU was suggested to exacerbate ADHD symptoms in 
a review [11], there was no study that investigated whether 
PIU increased ADHD symptoms.

Regarding the relationship between PIU and depressive 
symptoms, there has been evidence of a bidirectional rela-
tionship, but these studies had certain limitations. A study 
showed that PIU was associated with elevated depression 
[12]. Additionally, a recent study has reported that screen 
time is associated with elevated depressive symptoms [13]. 
Furthermore, a previous study revealed a bidirectional 
relationship between PIU and depression [14]. However, 
these studies had several limitations, such as school-based 
sampling, a short follow-up period, assessing PIU by chil-
dren’s self-report, and a lack of hyperactivity/inattention 
as a confounding factor [14].

Given the high prevalence of PIU and its comorbid 
hyperactivity/inattention and depression, it is required 
to examine the causal relationships between these issues. 
Therefore, we aimed to investigate the associations among 
PIU, hyperactivity/inattention, and depressive symptoms 
in adolescents using data from a longitudinal population-
based cohort study. Since hyperactivity/inattention and 
depression affect each other [15], we hypothesized that 
there are bidirectional relationships among PIU, hyper-
activity/inattention, and depressive symptoms. We used 
a cross-lagged panel analysis which enabled examination 
of the possibility that two variables influence each other 
in both directions [16].

Methods

Study design

This study used data from the Tokyo Teen Cohort study 
(TTC), a population-based longitudinal cohort survey [17]. 
The TTC is a multidisciplinary study aiming to investigate 
adolescent health and development. We recruited children 
from the participants in the Tokyo Early Adolescence Sur-
vey (T-EAS), which was a cross-sectional survey on the 
psychological and physical development of adolescents in 
the general population [18]. The participants were sam-
pled by using the resident register in three municipalities 
in the metropolitan area of Tokyo, Japan: Setagaya-ku, 
Mitaka-shi, and Chofu-shi. Eligible participants were born 
between September 1st, 2002, and August 31st, 2004. The 
survey was conducted between October 2012 and January 
2015. We treated the T-EAS data as the first wave data of 
the TTC (timepoint 1; T1). We sent letters of invitation to 
participants around their 10th birthday. After the letter was 
sent, trained interviewers visited potential participants’ 
homes. The survey was conducted during two home visits. 
On the first visit, written informed consent was obtained 
from the primary parent, and assent was obtained from the 
child. Participants were asked to complete the question-
naires at home before the second visit. During the second 
visit, both the child and the primary parent were asked 
to complete the self-report questionnaires separately. The 
questionnaires were placed in envelopes by the respond-
ents immediately after completion. In addition, the pri-
mary parent completed a semistructured interview. All 
data were anonymized using the study IDs, and the lists 
for matching were kept strictly confidential. We conducted 
the second wave of the TTC study between July 2014 and 
January 2017, when the children were 12 years old (time-
point 2; T2). The second wave was implemented by means 
of the same procedure used in the first wave. The TTC was 
conducted by three research institutes: Tokyo Metropolitan 
Institute of Medical Science, the University of Tokyo and 
SOKENDAI (The Graduate University for Advanced Stud-
ies). This study was approved by the ethics committees of 
these three institutes.

Participants

Among the 14,553 children and primary parents ran-
domly chosen from the resident register, 4319 pairs could 
not be contacted. Of the 10,234 accessible pairs, a total 
of 4478 children and their primary parents participated 
in the T-EAS (response rate: 43.8%). An oversampling 
method was used in the collection of TTC participants, 
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considering the low follow-up rate of families with low 
household income [17]. Hence, 3171 participants in the 
T-EAS were recruited for the TTC. Of the 3171 pairs of 
children and parents, 3007 pairs continued to participate 
in the second wave of the TTC (follow-up rate: 94.8%). 
We analyzed the data obtained from 3007 pairs who par-
ticipated in the second wave (Fig. 1).

Measures

Primary parents answered self-administered questionnaires 
that included questions about their children’s PIU, children’s 
hyperactivity/inattention, household income, father’s educa-
tional background, mother’s educational background, screen 
time and other variables, such as children’s age in months 
and sex. Children answered self-administered questionnaires 
that included questions about their depressive symptoms.

PIU

We assessed PIU with the modified scale of the Compul-
sive Internet Use Scale [19]. The Japanese version of the 
CIUS was validated [20]. We modified each self-adminis-
tered question to create a question for parents. The follow-
ing questions were used to assess PIU: “Do others (e.g., 
teachers, parents and friends) say your child should use the 
electric devices such as the Internet or mobile phone, less?”; 
“Do you feel your child should decrease the amount of time 
you spend using the electric devices such as the Internet or 
mobile phone?”; “Does your child find it difficult to stop 
using the electric devices, such as the Internet or mobile 
phones, once he/she starts?”; “Is your child short of sleep 

due to being on his/her phone or the Internet late at night?”; 
“Does your child neglect his/her daily obligations (e.g., 
homework or housework) because he/she prefer to go on 
the Internet or use mobile phones?”; “Does your child feel 
frustrated or irritated when he/she cannot use the Internet or 
mobile phone?”; “Does your child use the electric devices, 
such as the Internet or mobile phones, to escape from his/
her sorrows or get relief from negative feelings?”; “Does 
your child’s use of the electric devices, such as the Internet 
or mobile phones, cause problems with friends or family?”; 
“Does your child prefer to use the Internet instead of spend-
ing time with others?”; and “Do others say your child spends 
too much time on the Internet?” The parents were asked to 
choose one from the following four answer options: never, 
0; sometimes, 1; often, 2; and don’t know, 3. We created a 
continuous variable for PIU by summing 2 points for "often" 
and 1 point for "sometimes"; the total scores for this variable 
ranged from 0 to 20. Cronbach’s alpha for the PIU score was 
0.87 at T1 and 0.87 at T2.

Hyperactivity/inattention

We used the validated Japanese version of the Strengths 
and Difficulties Questionnaire (SDQ), a widely used par-
ent-reported questionnaire, to evaluate the behavioral prob-
lems of the adolescents [21]. The test–retest reliability of 
the measure was reported as good (hyperactivity/inatten-
tion ρ = 0.70, 0.84) [22]. The SDQ is shown to be a use-
ful tool for assessing ADHD symptoms [23]. To evaluate 
adolescents’ hyperactivity/inattention, we used a subscale 
of the SDQ that includes five questions rated on a 3-point 
Likert scale: not true—0; somewhat true—1; and absolutely 
true—2. These scores are summed into a hyperactivity/inat-
tention score, which has a possible score range from 0 to 10. 
Higher scores indicate more hyperactivity/inattention [24].

Depressive symptoms

The Short Mood and Feelings Questionnaire (SMFQ) was 
used for the evaluation of adolescents’ depressive symptoms. 
The SMFQ includes 13 self-administered questions rated 
on a 3-point Likert scale: not true—0; somewhat true—1; 
and absolutely true—2. The total score ranges from 0 to 
26 and can be used to measure the severity of depressive 
symptoms [25].

Covariates

We selected the following variables as potential confound-
ers due to their association with PIU, hyperactivity/inatten-
tion and depression in previous studies [26] age in months, 
sex, household income, father’s and mother’s educational 
background as indicators of family socioeconomic status, 

Fig. 1  Participants in the study of problematic Internet use and hyper-
activity/inattention and/or depressive symptoms



1604 European Child & Adolescent Psychiatry (2022) 31:1601–1609

1 3

and screen time. Parents reported household income (1 
[0–990,000 yen] to 11 [≥ 10 million yen]). Parents’ educa-
tional background was categorized into six groups (1 [gradu-
ated junior high school], 2 [dropped out of high school], 3 
[graduated high school], 4 [2-year college], 5 [4-year uni-
versity], and 6 [graduate school]). For screen time, parents 
evaluated the length of time that their children watched TV 
programs and movies on a weekday, including on personal 
computers and mobile devices (1 [none], 2 [≤ 1 h], 3 [1–2 h], 
4 [2–3 h], 5 [3–5 h], 6 [5–7 h], and 7 [≥ 7 h]), and the length 
of time that their children played games on personal comput-
ers and consumer games on a weekday (1 [none], 2 [≤ 1 h], 
3 [1–2 h], 4 [2–3 h], 5 [3–5 h], 6 [5–7 h], and 7 [≥ 7 h]).

Statistical analyses

To identify causality, we performed cross-lagged panel 
analysis, which was useful to examine the bidirectional 
relationships among variables simultaneously over time. 
We created a model using full information maximum likeli-
hood estimation to estimate the effects of missing data [27]. 
Model fit indices were determined by the comparative fit 
index (CFI), the Tucker-Lewis index (TLI), and the root 
mean square error of approximation (RMSEA). CFI and TLI 
values greater than 0.95 were considered a good fit, and 
RMSEA values of less than 0.06 were considered a good fit 
[28]. The structure of the cross-lagged model for PIU and 
hyperactivity/inattention is shown in Fig. 1 and that for PIU 
and depressive symptoms is shown in Fig. 2. These models 
included sex, age in months, household income, father’s edu-
cational background, mother’s educational background, and 
screen time as covariates. We examined multicollinearity of 
covariates by using VIF (Variance Inflation Factor). Cross-
lagged panel analyses were conducted in the Statistical 
Package for Social Sciences (SPSS) Amos, version 7.0. The 
other analyses were tested in SPSS, version 25 for Windows 
(SPSS Inc., Tokyo, Japan). A p value < 0.05 was considered 
statistically significant.

Results

Descriptive analyses

Table 1 shows the descriptive statistics for the participants 
in this study. Of the 3171 participants at T1, a total of 3007 
participants completed all questionnaires at T2. In the ana-
lytic sample, 47.2% at T1 were girls. The mean age of the 
participants at T1 was 9.7 years old (standard deviation; SD 
0.4 years) (Table 1) which met the criteria of adolescents 
[29]. The Cronbach’s alpha of PIU, hyperactivity/inatten-
tion, and depressive symptoms were ≥ 0.70, which satisfied 
the validity criteria [30]. There was no multicollinearity 
between the variables of household income, father’s edu-
cational background, and mother’s educational background.

Table 2 shows the correlation between the confounding 
variables and the examined variables at T1. The cross-sec-
tional correlation between PIU and hyperactivity/inattention 
was 0.23 at T1, and 0.27 at T2. The cross-sectional correla-
tion between PIU and depression was 0.12 at T1, and 0.16 
at T2.

Figure 2 shows the association between PIU and hyperac-
tivity/inattention. In the cross-lagged panel analysis, PIU at 
T1 was significantly associated with hyperactivity/inatten-
tion at T2 (β = 0.03, 95% confidence interval (CI) 0.01–0.06) 
in the adjusted model. Hyperactivity/inattention at T1 was 
significantly associated with PIU at T2 (β = 0.07, 95% CI 
0.04–0.10). Fit indices revealed that the model was a good 
fit to the observed data (χ2 = 14.23; p = 0.16; CFI = 0.99; 
TLI = 0.99; RMSEA = 0.012). The coefficient of determi-
nation for PIU at T2 was 0.33, and that for hyperactivity/
inattention at T2 was 0.51.

Figure 3 shows the association between PIU and depres-
sive symptoms. PIU at T1 was significantly associated with 
depressive symptoms at T2 (β = 0.05; 95% CI 0.01–0.12). 
Additionally, depressive symptoms at T1 were significantly 
associated with PIU at T2 (β = 0.05; 95% CI 0.02–0.07) 
in the adjusted model. Fit indices revealed that the model 

Fig. 2  Cross-lagged model of 
associations between problem-
atic Internet use and hyperac-
tivity/inattention. χ2 = 14.23, 
df = 10, p = 0.16, Comparative 
Fit Index = 0.99, Tucker–Lewis 
Index = 0.99, root mean square 
error of approximation = 0.012. 
Standardized coefficients were 
adjusted for sex, age in months, 
father’s educational back-
ground, mother’s educational 
background, screen time, and 
depressive symptoms. *p < 0.05, 
***p < 0.001
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was a good fit to the observed data (χ2 = 14.87; p = 0.14; 
CFI = 0.99; TLI = 0.99; RMSEA = 0.013). The coefficient of 
determination for PIU at T2 was 0.33, and that for depressive 
symptoms at T2 was 0.20.

Discussion

To the best of our knowledge, this was the first study that 
revealed a bidirectional relationship between PIU and hyper-
activity/inattention in adolescents in the general population 
even after adjustments were made for depressive symptoms. 
Furthermore, it became clear that there was a bidirectional 
relationship between PIU and depressive symptoms even 

after adjustments were made for hyperactivity/inattention. 
The strengths of this study included the follow-up of these 
adolescents for two years, the objective assessment of PIU 
using parent report, and the adjustment for screen time as 
a covariate.

The results of this study were consistent with the findings 
from previous studies showing that hyperactivity/inatten-
tion predicted PIU [9]. Additionally, this study showed the 
reverse finding that PIU exacerbated hyperactivity/inatten-
tion. In previous studies, a higher frequency of digital media 
use predicted ADHD symptoms, and screen time predicted 
poor child development [10, 13, 31]. PIU is a construct 
that focuses not only on the length of time and frequency 
of Internet use but also on the factor of addiction, such as 

Table 1  Descriptive statistics 
of the participants in this study 
(N = 3007)

SD standard deviation, T1 timepoint 1, T2 timepoint 2, SDQ Strength and Difficulties Questionnaire, 
SMFQ the Short Mood and Feelings Questionnaire

Value Missing, n (%) Cronbach’s α

Girls, n (SD) 1418 (47.2) 0 (0.0)
Age, y, mean (SD) 9.7 (0.4) 4 (0.1)
Household income, no. (%), 10,000 yen 113 (3.8)
 ≤ 500 582 (19.4)
 500–999 1449 (48.1)
 ≥ 1000 866 (28.8)

Father’s educational background, no. (%) 138 (4.6)
 Graduated junior high or high school 516 (17.2)
 2-year or 4-year university 1998 (66.5)
 Graduate university 355 (11.8)

Mother’s educational background, no. (%) 23 (0.7)
 Graduated junior high or high school 498 (16.6)
 2-year or 4-year university 2383 (79.3)
 Graduate university 103 (3.4)

Weekday screen time for TV, h (%) 22 (0.7)
 ≤ 1 705 (23.4)
 1–3 1870 (62.2)
 3–5 364 (12.1)
 ≥ 5 46 (1.5)

Weekday screen time for games, h (%) 31 (1.0)
 ≤ 1 2149 (71.5)
 1–3 763 (25.4)
 3–5 54 (1.8)
 ≥ 5 10 (0.3)

Problematic internet use score
 At T1, mean (SD) 2.7 (3.5) 64 (2.1) 0.87
 At T2, mean (SD) 3.9 (4.2) 38 (1.2) 0.87

SDQ hyperactivity/inattention score
 At T1, mean (SD) 3.0 (2.2) 10 (0.3) 0.76
 At T2, mean (SD) 2.7 (2.1) 14 (0.4) 0.75

SMFQ total score
 At T1, mean (SD) 4.7 (4.6) 45 (1.5) 0.86
 At T2, mean (SD) 3.9 (4.5) 490 (16.3) 0.87
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salience (i.e., becoming the most important activity in a per-
son’s life), withdrawal symptoms (i.e., feeling agitated and 
irritable when the Internet is inaccessible), mood modifica-
tion (i.e., feeling moody when unable to use the Internet), 
tolerance (i.e., needing to increase amounts of the particular 
activity to get the former effects), conflict (i.e., to conflict 
in the addictive life with personal relationships, educational 
lives and other social activities), and relapse (i.e., unsuccess-
ful efforts to stop or decrease the use of the Internet) [32, 
33]. In our study, screen time did not predict hyperactivity/
inattention. Therefore, it is thought that the addictive aspects 
of Internet use exacerbate hyperactivity/inattention.

There are several possible explanations for the direction 
in which PIU can predict hyperactivity/inattention. First, 
children with PIU may not engage in other activities when 
they immerse themselves in the Internet. Consequently, chil-
dren have fewer opportunities to play sports or engage in 
artistic activities, which are said to aid in the development 
of behavioral self-control [11]. Children with a shortage of 
self-control may experience worsened ADHD symptoms. 
Second, obtaining rewards quickly and gaining easy access 
to the Internet may weaken attention and behavioral control 

in the real world [34]. Compared to the Internet environ-
ment, real activities require the investment of time to obtain 
rewards; as such, children can become restless and distracted 
by not being rewarded. Third, problematic Internet users 
may regard Internet use as their highest priority. They may 
become sensitive to personal computers or mobile phone 
notifications of changes on the Internet. Frequent distrac-
tions can interfere with ongoing attention. Continuous expo-
sure to a distracted environment can result in the inability to 
acquire sustained attention [10, 35].

The bidirectional relationship between PIU and hyper-
activity/inattention may lead to a vicious circle of chil-
dren’s behavioral and psychological aspects. Children with 
hyperactivity/inattention have two core symptoms: ‘being 
easily bored’ and ‘having an aversion for delayed rewards’ 
[36]. They may have difficulty adapting to the real world, 
where it is difficult to obtain short-term rewards; instead, 
they may immerse themselves in the Internet world, where 
short-term aspirations can be fulfilled quickly. As mentioned 
above, Internet immersion is likely to cause an increase in 
hyperactivity/inattention symptoms. Therefore, children 
with hyperactivity/inattention symptoms may tend to be in 

Table 2  Correlation matrix of variables in the present study

*p < 0.05, **p < 0.01, ***p < 0.001
SDQ Strength and Difficulties Questionnaire, SMFQ the Short Mood and Feelings Questionnaire

1 2 3 4 5 6 7 8 9 10

1. Problematic Internet use –
2. SDQ hyperactivity/inattention 0.23*** –
3. SMFQ 0.12*** 0.25*** –
4. Sex  − 0.17***  − 0.19***  − 0.09*** –
5. Age in month 0.04  − 0.01  − 0.01  − 0.02 –
6. Father’s educational background  − 0.04  − 0.14***  − 0.09*** 0.02  − 0.01 –
7. Mother’s educational background  − 0.04*  − 0.11***  − 0.07*** 0.03  − 0.02 0.4*** –
8. Household income  − 0.06**  − 0.13***  − 0.09*** 0.02 0.02 0.42*** 0.33*** –
9. Weekday screen time for TV 0.27*** 0.14*** 0.11***  − 0.05** 0.03  − 0.25***  − 0.27***  − 0.22*** –
10. Weekday screen time for games 0.4*** 0.16*** 0.13***  − 0.19*** 0.04*  − 0.23***  − 0.22*** 0.19*** 0.49*** –

Fig. 3  Cross-lagged model of 
associations between problem-
atic Internet use and depressive 
symptoms. χ2 = 14.87, df = 10, 
p = 0.14, Comparative Fit 
Index = 0.99, Tucker–Lewis 
Index = 0.99, root mean square 
error of approximation = 0.013. 
Standardized coefficients were 
adjusted for sex, age in months, 
father’s educational background, 
mother’s educational back-
ground, screen time, and hyper-
activity/inattention. *p < 0.05, 
**p < 0.01, ***p < 0.001
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a vicious cycle of Internet immersion, where they tend to 
become more hyperactive/inattentive. In recent years, the 
existence of late-onset ADHD has become apparent [37]. 
There may be a possibility that late-onset ADHD may be 
exacerbated by PIU.

This study also revealed a bidirectional association 
between PIU and depressive symptoms, even after adjust-
ments were made for hyperactivity/inattention and screen 
time. To overcome the limitations of the previous studies 
that evaluated PIU only by participant self-report [9, 12], we 
evaluated PIU by parental report. The two-way relationship 
between PIU and depressive symptoms may lead to another 
vicious cycle affecting adolescents’ mental health. Chil-
dren with depressive symptoms are more likely to become 
immersed in the Internet environment for the purposes of 
avoiding reality and seeking relief. Depressive children will 
tend to use the Internet problematically to escape from nega-
tive emotions [38]. Immersion in the Internet environment is 
likely to lead to decreased daily activities, excessive daytime 
sleep, exposure to social network slander, and online bully-
ing [39]. Therefore, PIU in children may lead to the aggrava-
tion of depressive symptoms. Similarly, screen time did not 
predict depressive symptoms in this study. For this reason, 
the addictive aspects of Internet use may worsen depressive 
symptoms more than the addictive aspects of screen time.

Since PIU had a bidirectional relationship with both 
hyperactivity/inattention and depressive symptoms, one 
symptom may increase the possibility of the future emer-
gence/deterioration of the other symptom. Therefore, car-
egivers of children need to check if there is another symp-
tom underlying the main symptom, and they should also pay 
attention to the possibility of another symptom appearing. 
It can also be assumed that improving one symptom may 
improve the other symptom and break the vicious cycle [40]. 
It is possible that hyperactivity/inattention or depressive 
symptoms may be additional therapeutic targets for PIU and 
vice versa. From these, we can identify two public health 
implications. First, it is important to educate adolescents 
about appropriate Internet use to prevent PI. Preventing PIU 
in adolescents may help maintain their mental health by pre-
venting subsequent hyperactivity/inattention and depression. 
Second, it is important to keep in mind that adolescents with 
PIU may have prior hyperactivity/inattention and depres-
sion. Identifying and treating hyperactivity/inattention and 
depression that preceded PIU may be expected to improve 
PIU in adolescents.

With regard to limitations, the standardized estimates in 
this study were low. Future research is needed to determine if 
there is a definite causal relationship. Second, as participants 
of this study consist of only Asian people, it is necessary to 
evaluate our findings in other ethnic groups in the future. 
Third, we did not assess participants’ reasons for using the 
Internet (i.e., studying, homework, social networking sites, 

Internet gaming, or porn sites). Future studies will be needed 
to determine which usage has the most impact. Fourth, we 
did not assess other potential confounders, such as social 
anxiety disorder, hostility, or parents’ Internet use. Finally, 
our study period was only two years. Therefore, it is neces-
sary to continue tracking these relationships in the future.

Conclusions

A bidirectional relationship between PIU and hyperactiv-
ity/inattention was observed in the two-year follow-up of 
3007 10-year-old children in the general population. PIU 
increased hyperactivity/inattention two years later, and 
hyperactivity/inattention exacerbated PIU two years later. 
Similarly, a bidirectional relationship was found between 
PIU and depressive symptoms. Future research should focus 
on whether interventions with PIU would improve hyperac-
tivity/inattention and depressive symptoms in adolescents. 
Similarly, interventions with hyperactivity/inattention and 
depressive symptoms might normalize Internet use.

Author contributions MM analyzed and interpreted participant data 
on statistical information. All authors read and approved the final 
manuscript.

Funding This work was supported by Grant-in-Aid for Scientific 
Research on Innovative Areas (23118001, 23118002, and 23118004; 
Adolescent Mind and Self-Regulation) from the Ministry of Education, 
Culture, Sports, Science and Technology of Japan, and JSPS KAK-
ENHI Grant Nos. JP16H06395, 16H06398, 16H06399, 16K21720, 
17H04244 and 17H05931.

Availability of data and materials The data that support the findings 
of this study are available from Tokyo Teen Cohort study but restric-
tions apply to the availability of these data, which were used under 
license for the current study, and so are not publicly available. Data 
are, however, available from the authors upon reasonable request and 
with permission of Tokyo Teen Cohort study.

Declarations 

Conflict of interest Author KK reports grants from AMED, grants 
from Takeda Science Foundation, grants from JSPS KAKENHI, dur-
ing the conduct of the study; grants from Lily, grants from MSD, 
grants and personal fees from Astellas, grants and personal fees from 
Takeda, grants and personal fees from Dainippon-Sumitomo, grants 
from Novartis, grants from Tanabe-Mitsubishi, grants from Eisai, 
grants and personal fees from Otsuka, grants from Shionogi, grants 
from Ono Pharma, personal fees from Fuji-film-Wako, personal fees 
from Yoshitomi, personal fees from Kyowa, personal fees from Jans-
sen, personal fees from Meiji Seika Pharma, outside the submitted 
work. Authors MM, SA, TK, RM, TY, SK, SF, SY and AN declare 
that they have no conflict of interest.

Ethics approval This study was approved by the ethics committees of 
three institutes: Tokyo Metropolitan Institute of Medical Science, the 
University of Tokyo and SOKENDAI (The Graduate University for 
Advanced Studies).



1608 European Child & Adolescent Psychiatry (2022) 31:1601–1609

1 3

Consent to participate Written informed consent was obtained from 
the primary parent, and assent was obtained from the child.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Beard KW, Wolf EM (2001) Modification in the proposed 
diagnostic criteria for internet addiction. Cyberpsychol Behav 
4(3):377–383. https:// doi. org/ 10. 1089/ 10949 31013 00210 286

 2. Mihara S, Osaki Y, Nakayama H et al (2016) Internet use and 
problematic internet use among adolescents in Japan: a nationwide 
representative survey. Addict Behav Rep 15(4):58–64. https:// doi. 
org/ 10. 1016/j. abrep. 2016. 10. 001

 3. Vigna-Taglianti F, Brambilla R, Priotto B et al (2017) Problem-
atic internet use among high school students: prevalence, associ-
ated factors and gender differences. Psychiatry Res 257:163–171. 
https:// doi. org/ 10. 1016/j. psych res. 2017. 07. 039

 4. Anderson EL, Steen E, Stavropoulos V (2017) Internet use and 
problematic internet use: a systematic review of longitudinal 
research trends in adolescence and emergent adulthood. Int J 
Adolesc Youth 22(4):430–454. https:// doi. org/ 10. 1080/ 02673 
843. 2016. 12277 16

 5. Hill D, Ameenuddin N, Linda Y et al (2016) Media use in school-
aged children and adolescents. Pediatrics 138(5):1–6. https:// doi. 
org/ 10. 1542/ peds. 2016- 2592

 6. Bélanger RE, Akre C, Berchtold A et al (2011) A U-shaped 
association between intensity of internet use and adolescent 
health. Pediatrics 127(2):e330-335. https:// doi. org/ 10. 1542/ peds. 
2010- 1235

 7. Restrepo A, Scheininger T, Clucas J et al (2020) Problematic 
internet use in children and adolescents: associations with psychi-
atric disorders and impairment. BMC Psychiatry 20:252. https:// 
doi. org/ 10. 1101/ 19005 967

 8. Bozkurt H, Coskun M, Ayaydin H et al (2013) Prevalence and pat-
terns of psychiatric disorders in referred adolescents with Internet 
addiction. Psychiatry Clin Neurosci 67(5):352–359. https:// doi. 
org/ 10. 1111/ pcn. 12065

 9. Ko CH, Yen JY, Chen CS et al (2009) Predictive values of psychi-
atric symptoms for internet addiction in adolescents. Arch Pedi-
atr Adolesc Med 163(10):937–943. https:// doi. org/ 10. 1001/ archp 
ediat rics. 2009. 159

 10. Ra CK, Cho J, Stone MD et al (2018) Association of digital media 
use with subsequent symptoms of attention-deficit/hyperactivity 
disorder among adolescents. JAMA 320(3):255–263. https:// doi. 
org/ 10. 1001/ jama. 2018. 8931

 11. Weiss MD, Baer S, Allan BA et al (2011) The screens culture: 
impact on ADHD. Atten Deficit Hyperact Disord 3(4):327–334. 
https:// doi. org/ 10. 1007/ s12402- 011- 0065-z

 12. Lam LT, Peng ZW (2010) Effect of pathological use of the internet 
on adolescent mental health: a prospective study. Arch Pediatr 

Adolesc Med 164(10):901–906. https:// doi. org/ 10. 1001/ archp 
ediat rics. 2010. 159

 13. Boers E, Afzali MH, Newton N et al (2019) Association of screen 
time and depression in adolescence. JAMA Pediatr 173(9):853–
859. https:// doi. org/ 10. 1001/ jamap ediat rics. 2019. 1759

 14. Lau JTF, Walden DL, Wu AMS et al (2018) Bidirectional predic-
tions between Internet addiction and probable depression among 
Chinese adolescents. J Behav Addict 7(3):633–643. https:// doi. 
org/ 10. 1556/ 2006.7. 2018. 87

 15. Meinzer MC, Pettit JW, Viswesvaran C (2014) The co-occurrence 
of attention-deficit/hyperactivity disorder and unipolar depression 
in children and adolescents: a meta-analytic review. Clin Psychol 
Rev 34(8):595–607. https:// doi. org/ 10. 1016/j. cpr. 2014. 10. 002

 16. Kenny DA (1975) Cross-lagged panel correlation: a test for spu-
riousness. Psychol Bull 82(6):887–903. https:// doi. org/ 10. 1037/ 
0033- 2909. 82.6. 887

 17. Ando S, Nishida A, Yamasaki S et al (2019) Cohort profile: the 
Tokyo Teen Cohort study (TTC). Int J Epidemiol 48(5):1414g.1–
8. https:// doi. org/ 10. 1093/ ije/ dyz033

 18. Yamasaki S, Ando S, Koike S et al (2016) Dissociation medi-
ates the relationship between peer victimization and hallucina-
tory experiences among early adolescents. Schizophr Res Cogn 
4:18–23. https:// doi. org/ 10. 1016/j. scog. 2016. 04. 001

 19. Meerkerk GJ, Van Den Eijnden RJJM, Vermulst AA et al (2009) 
The Compulsive Internet Use Scale (CIUS): some psychometric 
properties. CyberPsychology Behav 12(1):1–6. https:// doi. org/ 10. 
1089/ cpb. 2008. 0181

 20. Yong RKF, Inoue A, Kawakami N (2017) The validity and psy-
chometric properties of the Japanese version of the Compulsive 
Internet Use Scale (CIUS). BMC Psychiatry 17(1):201. https:// 
doi. org/ 10. 1186/ s12888- 017- 1364-5

 21. Matsuishi T, Nagano M, Araki Y et al (2008) Scale properties of 
the Japanese version of the Strengths and Difficulties Question-
naire (SDQ): a study of infant and school children in community 
samples. Brain Dev 30(6):410–415. https:// doi. org/ 10. 1016/j. brain 
dev. 2007. 12. 003

 22. Moriwaki A, Kamio Y (2014) Normative data and psychometric 
properties of the strengths and difficulties questionnaire among 
Japanese school-aged children. Child Adolesc Psychiatry Ment 
Health 8:1. https:// doi. org/ 10. 1186/ 1753- 2000-8-1

 23. Hall C, Guo B, Vakentine AZ et al (2019) The validity of the 
Strengths and Difficulties Questionnaire (SDQ) for children with 
ADHD symptoms. PLoS ONE 14(6):e0218518. https:// doi. org/ 
10. 1371/ journ al. pone. 02185 18

 24. Algorta GP, Dodd AL, Stringaris A et al (2016) Diagnostic effi-
ciency of the SDQ for parents to identify ADHD in the UK: a 
ROC analysis. Eur Child Adolesc Psychiatry 25(9):949–957. 
https:// doi. org/ 10. 1007/ s00787- 015- 0815-0

 25. Angold A, Costello EJ, Messer SC (1995) Development of a Short 
Questionnaire for use in epidemiological studies op depression in 
children and adolescents. Int J Methods Psychiatr Res 5:237–249

 26. Willoughby T (2008) A short-term longitudinal study of inter-
net and computer game use by adolescent boys and girls: preva-
lence, frequency of use, and psychosocial predictors. Dev Psychol 
44(1):195–204. https:// doi. org/ 10. 1037/ 0012- 1649. 44.1. 195

 27. Finkel SE (1995) Causal analysis with panel data. SAGE Publ Inc
 28. Hu LT (1999) Cutoff criteria for fit indexes in covariance structure 

analysis: conventional criteria versus new alternatives. Struct Equ 
Modeling 6(1):1–55

 29. Sawyer SM, Azzopardi PS, Wickremarathne D et al (2018) The 
age of adolescence. Lancet Child Adolesc Health 2(3):223–228. 
https:// doi. org/ 10. 1016/ s2352- 4642(18) 30022-1

 30. Tavakol M, Dennick R (2011) Making sense of Cronbach’s alpha. 
Int J Med Educ 2:53–55. https:// doi. org/ 10. 5116/ ijme. 4dfb. 8dfd

 31. Madigan S, Brown D, Racine N et al (2019) Association between 
screen time and children’s performance on a developmental 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1089/109493101300210286
https://doi.org/10.1016/j.abrep.2016.10.001
https://doi.org/10.1016/j.abrep.2016.10.001
https://doi.org/10.1016/j.psychres.2017.07.039
https://doi.org/10.1080/02673843.2016.1227716
https://doi.org/10.1080/02673843.2016.1227716
https://doi.org/10.1542/peds.2016-2592
https://doi.org/10.1542/peds.2016-2592
https://doi.org/10.1542/peds.2010-1235
https://doi.org/10.1542/peds.2010-1235
https://doi.org/10.1101/19005967
https://doi.org/10.1101/19005967
https://doi.org/10.1111/pcn.12065
https://doi.org/10.1111/pcn.12065
https://doi.org/10.1001/archpediatrics.2009.159
https://doi.org/10.1001/archpediatrics.2009.159
https://doi.org/10.1001/jama.2018.8931
https://doi.org/10.1001/jama.2018.8931
https://doi.org/10.1007/s12402-011-0065-z
https://doi.org/10.1001/archpediatrics.2010.159
https://doi.org/10.1001/archpediatrics.2010.159
https://doi.org/10.1001/jamapediatrics.2019.1759
https://doi.org/10.1556/2006.7.2018.87
https://doi.org/10.1556/2006.7.2018.87
https://doi.org/10.1016/j.cpr.2014.10.002
https://doi.org/10.1037/0033-2909.82.6.887
https://doi.org/10.1037/0033-2909.82.6.887
https://doi.org/10.1093/ije/dyz033
https://doi.org/10.1016/j.scog.2016.04.001
https://doi.org/10.1089/cpb.2008.0181
https://doi.org/10.1089/cpb.2008.0181
https://doi.org/10.1186/s12888-017-1364-5
https://doi.org/10.1186/s12888-017-1364-5
https://doi.org/10.1016/j.braindev.2007.12.003
https://doi.org/10.1016/j.braindev.2007.12.003
https://doi.org/10.1186/1753-2000-8-1
https://doi.org/10.1371/journal.pone.0218518
https://doi.org/10.1371/journal.pone.0218518
https://doi.org/10.1007/s00787-015-0815-0
https://doi.org/10.1037/0012-1649.44.1.195
https://doi.org/10.1016/s2352-4642(18)30022-1
https://doi.org/10.5116/ijme.4dfb.8dfd


1609European Child & Adolescent Psychiatry (2022) 31:1601–1609 

1 3

screening test. JAMA Paediatr 173(3):244–250. https:// doi. org/ 
10. 1001/ jamap ediat rics. 2018. 5056

 32. Griffiths M (2005) A ‘components’ model of addiction within a 
biopsychosocial framework. J Subst Use 10(4):191–197. https:// 
doi. org/ 10. 1080/ 14659 89050 01143 59

 33. Li W, O’Brien JE, Snyder SM et al (2016) Diagnostic criteria for 
problematic internet use among US university students: a mixed-
methods evaluation. PLoS ONE 11(1):e0145981. https:// doi. org/ 
10. 1371/ journ al. pone. 01459 81

 34. Yen JY, Yen CF, Chen CS et al (2008) The association between 
adult ADHD symptoms and internet addiction among college stu-
dents: the gender difference. CyberPsychology Behav 12(2):187–
191. https:// doi. org/ 10. 1089/ cpb. 2008. 0113

 35. Chen Q, Yan Z (2016) Does multitasking with mobile phones 
affect learning? A review. Comput Human Behav 54:34–42. 
https:// doi. org/ 10. 1016/j. chb. 2015. 07. 047

 36. Diamond A (2005) Attention-deficit disorder (attention-deficit/
hyperactivity disorder without hyperactivity): a neurobilogi-
cally and behaviorally distinct disorder from attention-deficit/

hyperactivity disorder (with hyperactivity). Dev Psychopathol 
17(3):807–825. https:// doi. org/ 10. 1017/ s0954 57940 50503 88

 37. Agnew-Blais JC, Polanczyk GV, Danese A et al (2016) Evalu-
ation of the persistence, remission, and emergence of attention-
deficit/hyperactivity disorder in young adulthood. JAMA Psychiat 
73(7):713–720. https:// doi. org/ 10. 1001/ jamap sychi atry. 2016. 0465

 38. Kardefelt-Winther D (2014) A conceptual and methodological 
critique of internet addiction research: towards a model of com-
pensatory internet use. Comput Human Behav 31(1):351–354. 
https:// doi. org/ 10. 1016/j. chb. 2013. 10. 059

 39. Choi K, Son H, Park M et al (2009) Internet overuse and exces-
sive daytime sleepiness in adolescents. Psychiatry Clin Neurosci 
63(4):455–462. https:// doi. org/ 10. 1111/j. 1440- 1819. 2009. 01925.x

 40. Ko CH, Liu TL, Wang PW et al (2014) The exacerbation of 
depression, hostility, and social anxiety in the course of Internet 
addiction among adolescents: a prospective study. Compr Psychia-
try 55(6):1377–1384. https:// doi. org/ 10. 1016/j. compp sych. 2014. 
05. 003

https://doi.org/10.1001/jamapediatrics.2018.5056
https://doi.org/10.1001/jamapediatrics.2018.5056
https://doi.org/10.1080/14659890500114359
https://doi.org/10.1080/14659890500114359
https://doi.org/10.1371/journal.pone.0145981
https://doi.org/10.1371/journal.pone.0145981
https://doi.org/10.1089/cpb.2008.0113
https://doi.org/10.1016/j.chb.2015.07.047
https://doi.org/10.1017/s0954579405050388
https://doi.org/10.1001/jamapsychiatry.2016.0465
https://doi.org/10.1016/j.chb.2013.10.059
https://doi.org/10.1111/j.1440-1819.2009.01925.x
https://doi.org/10.1016/j.comppsych.2014.05.003
https://doi.org/10.1016/j.comppsych.2014.05.003

	Bidirectional relationship of problematic Internet use with hyperactivityinattention and depressive symptoms in adolescents: a population-based cohort study
	Abstract
	Introduction
	Methods
	Study design
	Participants
	Measures
	PIU
	Hyperactivityinattention
	Depressive symptoms
	Covariates
	Statistical analyses

	Results
	Descriptive analyses

	Discussion
	Conclusions
	References




