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Summary

The pathological use of the internet — conceptadlias ‘internet addiction’ — might be crucial in
initiating and increasing sleep disturbances inctiamunity. While inconsistent evidence is
reported regarding the association of internet@aii and sleep disturbances, the severity of
this association remains unclear. This systematiew and meta-analysis were conducted to
increase our understanding of the relationship eetwnternet addiction and sleep disturbances.
A systematic review was conducted through Scopuisied Central, ProQuest, ISI Web of
Knowledge, and EMBASE using keywords related termét addiction and sleep problems.
Observational studies (cohort, case-control orszsestional studies) focusing on association
between internet addiction and sleep disturbamudading sleep problems and sleep duration
were selected. A meta-analysis using random-effectel was conducted to calculate the odds
ratio (OR) for experiencing sleep problems anddaatized mean differences (SMDs) for sleep
duration.

Eligible studies (N=23) included 35,684 particiganithe overall pooled OR of having sleep
problems if addicted to the internet was 2.20 (95P4L.77-2.74). Additionally, the overall
pooled SMDs for sleep duration for the IA group gamed to normal internet users was -0.24
(95% CI: -0.38, -0.10).

Results of the meta-analysis revealed a signifiCtfor sleep problems and a significant
reduced sleep duration among individuals addiateti¢ internet.

Keywords: internet addiction; problematic internet use; slpegblems; systematic review;

meta-analysis
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Introduction

Internet use has grown significantly in recent diesa According to statistics in 2018, there were
around four billion internet users worldwide witlofth America having the highest percentage
of the population using internet at 89.4% compaoeather continents (1). Most studies indicate
that the majority of internet users are teenagedsyaung people, although the level of internet
use among adults is also increasing (2-5). Giverbtbad spectrum of internet users, there is a
need to understand potential risks associatedintiéinnet use among the small minority of

individuals that appear to display problematic athplogical internet use behavior (6).

Pathological or compulsive use of the internetgfoitonceptualized as ‘internet addiction [IA])
has an inconsistent prevalence among differentlptipos. Epidemiological studies have
reported a significant variance in the prevalerfggathological internet use among adolescents
and young people from 0.9 to 37.9% in Asia (7-19the United States, it ranges from 0.3% to
8.1% (11, 12), and in Europe it has been repodduktbetween 2% and 18.3% (13-15).
However, many of these prevalence estimates ame domvenience sampling. In a meta-analytic
study, the prevalence of IA disorders among Chiséisgents was reported to be 11.3% (16).
Another meta-analytic study by Zhang et al. rebtkes prevalence of IA among medical
students to be 30.1% (17). Considering the numbeternet users and the small but significant
problem of internet addiction, the ongoing examorabf the potential risks of pathological

internet use is required (6).

Excessive use of the internet comprises problenbati@vior in human interactions with

information and communication technologies (18} has become a major public health



problem (19). ‘Internet addiction (disorder)’, ‘cpoisive internet use’, ‘pathological internet
use’, and ‘internet addictive behavior’ have besadito describe the symptoms of extreme
problematic internet use and the associated spmalems that internet users have (20).
Empirical research charting the development froapéde internet use to pathological behavior
is ongoing (21), but these two groups have disthetracteristics. For adaptive users, the
internet acts as a supportive tool rather thanpingostrategy. They use the online accessibility
of internet connections to facilitate current aegvrcommunication, enhance socialization and
self-esteem, and reduce loneliness (22-24). Inrashtusers with pathological behaviors spend
more hours on online activities such as compulgambling, excessive pornography

consumption, compulsive shopping, and excessiverga(@4-27).

Kaplan states that IA is the category of behaviadalictions that include the components of
tolerance, loss of control, retreat, escape, lgng deception, neglect of physical and
psychological consequences, and disturbances i lamth educational affairs (28). Serious
psychological and emotional problems may developé&thological internet users (6). Potential
associations between pathological internet usarapdisivity (29), depression (30), anxiety
(31), psychosis (32), obsessive-compulsive sympi@3) and social anxiety (34) have been

reported.

In a systematic review, Carli et al. (6) reportied &ssociation between pathological internet use
and related psychopathology. It was found thatekegpon had the most significant correlation
with pathological internet use. One of the potdiytisignificant causes of depression associated

with pathological internet use can be sleep digsrdssociated with excessive internet use. The



results of various studies have indicated a relah@ between pathological internet use and
sleep disturbances such as excessive online behadiacing sleeping time (24, 35), tendency to
sleep late (36), sleep disorders (37), insomnig, (BBreased fatigue (39), and drowsiness during
the day (40). In addition, exposure to bright lipas been associated with the suppression of
melatonin secretion and delayed sleep and wakefsiiéghich can increase consciousness and

sleep disturbances (41, 42).

The excessive use of social media and internes@ayimportant role in initiating and
increasing sleep disturbances within the youngermoanity (43). De Vries et al. found that
internet users with psychiatric disorders are nli&ety to experience sleep problems,
depression, anxiety, and autism (20). Several stugive considered the quality of sleep in
people with IA (12, 18, 44-46), but in some studiessignificant relationship has been found
(19). In studies that have reported a significafdatronship between IA and sleep disturbances,
the severity of such a relationship has been vafedexample, Kiatzawa et al. reported that
university students with problematic internet usgarted 52% higher chance of sleeping
disturbances than those with ordinary internet(dS¢ while Li et al. reported that the chance of
having sleep problems in students with IA was thimees higher than in normal internet users
(47). A systematic review in 2014 reported an aission between online gaming addiction,
problematic internet use (PIU), and sleep probléhs.results of the study showed that
pathological internet use appeared to be assoadthd low sleep quality and subjective
insomnia (18). Although this study provided valwairiformation concerning the relationship
between internet use and sleep disturbances, ditgtize meta-analysis of findings was never

conducted on this relationship and the severithefassociation remains unclear.



Considering the importance of IA and its potengiaficreasing prevalence, further studies are
needed to examine related factors and negativeeqoesces. Despite the increasing number of
studies on this field, there has been no recemwegxamining the relationship between IA and
sleep disturbances. Therefore, to summarize avaifatdings and collate more solid evidence
for a deeper understanding of the relationship betwlA and sleep disturbances, the present

systematic review and meta-analysis was conducted.

M ethods

In accordance with the Preferred Reporting ItemsSfstematic Reviews and Meta-Analyses
(PRISMA) guidelines for designing and implementaygtematic review studies (48), the
following steps were taken: a systematic literagearch, organization of documents for the
review, abstracting and quality assessment of eagfirical study, synthesizing data, and
writing the report. The protocol was registerethie@ PROSPERO prospective register of
systematic reviews (ID = CRD42018108669) (49). lAis was a systematic review with meta-

analysis, approval from an ethics committee wagequired.

Search strategy

The systematic literature search was conductechtabdses including Scopus, PubMed Central,
Science Direct, ProQuest, ISI Web of Knowledge, BMBASE. The search terms were
extracted from published reviews and primary stsidldney were also identified by means of
PubMed Medical Subject Headings (MeSH) and EMBASBj&ct Headings (EMTREE).

According to the PECO framework for formulatingnatial questions, queries comprise four



aspects: Patient-Problem (P), Exposure (E), CompaiiC) and Outcome (O) (50). In this
regard, 1A as exposure and sleep disturbancestesma were two components in formulating
the search strategy. The Boolean search methodseasand keywords were connected together
with AND, OR and NOT Internet addiction and sleégtutbances and their suggested entry
terms were main keywords in the search strategyrcBesyntax was adapted to use in different
databases. The search strategy is provided aseSueptary File 1. Additionally, further sources
including reference lists of included studies arevpus systematic reviews on the study topic
as well as two key journals (i.dqurnal of Behavioral Addictions andSeep Medicine Reviews)

were searched to increase the likelihood of reimggvelevant empirical studies.

Inclusion criteria

Type of studies. Observational studies including cohort, case-@néind cross-sectional studies
were included if the relationship between IA arekgl disturbances were reported as an
outcome. Also, studies met the inclusion critefrideéy were published in peer-reviewed papers
in English between January 1990 and August 2018eQypes of studies including systematic
reviews, letter to editor, case report, case segied clinical trials were excluded.

Type of participants: Participants from all age ranges who had been sesddar IA (and its
equivalents) of any form reported by valid andaiele measures were included. No limitation
was exerted upon age, gender, or educatstasls.

Type of exposure: IA was chosen as the exposure measure. In therpregematic review, IA
was considered as being adequately assesseaéddtpsychometrically valid screening

instruments and/or comprised DSM5 characteristidsternet Gaming Disorder.



Type of outcomes measure: Two main outcome measures (experience of sledgems and
sleep duration) were selected as sleep-relategrb#sices in the present systematic review. In
relation to sleep disturbances, studies were censibleligible if they adequately reported the
presence of sleep problems based on the repodgdalis or the assessment measure.
Regarding sleep duration, studies were considdigitile if they had reported sleep duration in
mean hours with standard deviation (SD). The ptesgstematic review and meta-analysis
evaluated the effect of sleep problems and sleegtidn and its association with IA rather than
any specific sleep disorder (e.g., hypersomniaaiepsy, and insomnia) because the
overwhelming majority of studies assessed sleepsymatology rather sleep disorder

diagnoses.

Study selection
The title and abstract of all papers retrievedryithe electronic and manual follow-up search
process were examined based on the inclusionietitBne full texts of relevant papers were

examined based on the aforementioned criteria.

Quality assessment

The modified STROBE checklist was used to assesquhlity of the selected observational
studies with cohort, case-control, and cross-seatidesign. The STROBE is a valid instrument
that proposes 22 items for reporting or evaluatiifigrent sections of observational studies (51).
For the purpose of quality assessment in the pteseiew, the modified STROBE checklist

with 14 items was prepared and used. The comptetekést is provided in Supplementary File

2. For quality assessment, a score of ‘0’ was assigo an item if that item did not meet its item



explanation; a score of ‘1’ was assigned to an ifettrat item met its item explanation. The

highest quality score that could be attained by esticdy was 14.

Data extraction

After screening and examining the quality of seddcttudies, data were extracted and recorded
in pre-designed forms including data about the naftibe first author, year, study design,
country of the study, data collection method, nunddgarticipants, gender, age, assessment of
internet addiction, assessment of sleep probleomgrical results regarding the relationship

between IA with sleep problems and sleep duration.

To assess association between |IA and sleep proptiatasof 2*2 tables calculating odds ratios

(ORs) of sleep problems regarding IA status weteaeted (where possible) from primary
studies. If these data were not provided, crudeaaipasted ORs with information concerning the
confidence interval (Cl), mean, and SD of sleepesor both groups of normal and internet
addicted participants were extracted. Additionalyne studies reported Pearson correlation

coefficients between these variables, which wese aktracted.

To assess association between IA and sleep duratieens and SDs of sleep duration besides

the number of participants for both groups of ndramal internet addicted participants were
extracted. Two studies reported data in three caiiegyof normal internet user, possibly internet-
addicted, and internet-addicted (52, 53). In theses, data related to means, SDs, and sample

size of normal users and internet-addicted indigisluvere extracted.



In cases that relevant studies did not report etalde data regarding the association between 1A
and sleep problems (e.g., studies in which IA wasyened as moderator variable) or sleep
duration, the corresponding author was contacteewiail to request the minimum required data
for meta-analysis. E-mails were sent twice withragjmately seven days’ interval. It should be
noted that study selection, quality assessmentdatalextraction were processes performed
independently by two reviewers. In whole procesdesgreements were resolved through
discussion. The Cohen's Kappa coefficient was tatled to determine the level of agreement

between the two reviewers.

Data synthesis

A quantitative synthesis using the PRISMA guiddine the STATA software version 13 was
conducted. As two outcome measures (sleep prokldechsleep duration) were selected for the
present review, two main and separated meta-arsalysee conducted (i.e., IA and sleep

problems, and IA and sleep duration).

I A and sleep problems: Data concerning the relationship between IA aerdsproblems were
reported in three forms. Sixteen studies providethetable data of 2*2 tables to calculate ORs
of sleep problems regarding IA status. Three studéported mean and SD of scores related to
sleep problems based on IA status, and four studpsted Pearson correlation coefficients
regarding the association between sleep probleshéngernet addiction. Consequently, the
authors conducted a meta-analysis for the grogbuafies with the same outcome which had

enough studies to do so. While the findings ofetilieved studies via the systematic review



process are reported, meta-analysis was condumteédef subgroups of studies with reported

data for calculating ORs (16 studies).

| A and sleep duration: Data concerning the relation of IA and sleep daratvere reported as
mean and SD among two groups of 1A and normahisregard standardized mean differences

(SMDs) and their 95% Cls were calculated for analys

Since studies were taken from populations withotegieffect sizes, the random effect model
was used, which calculates study weights from bogtudy and between-study variances,
considering the extent of variation or heteroggng&itl). Effect sizes are expressed as ORs and
their 95% Cls were calculated for analysis. Hetermity was assessed statistically using the
standard’. The random-effect model is more appropriate wheterogeneity is present. For
each model, the between-study heterogeneity wasatst using the Q Cochrane statistic. Also,
the severity of heterogeneity was estimated usird’tindex. f<25% is considered as mild
heterogeneity, 25%%50% is considered a moderate heterogeneity, atk5875% is
considered severe heterogeneity (55). In casevefsdeterogeneity, subgroup analysis or meta-
regression was used based on number of studieEimgroup. If the number of studies in any
group was less than four studies, a meta-regresgasrused. For evaluating quality analysis and
investigating the effect of quality of primary stesl on the final results, the effect of study
quality scores on key measures was assessed thmmetghregression. Publication bias or
reporting bias was assessed using the funnel jgdogside the Begg's Test and Eggers' Test.

Sensitivity analysis was examined by the Jackkdié&thod. In this method, which is also known



as the ‘one out method’, quality and consistencthefresults were evaluated by removing each

study individually.

Results

The search process led to the retrieval of 508npialéy relevant papers. Screening based on the
title and abstract revealed 165 papers potentiidyble for further review. During this process,
54 papers were excluded due to duplication anddapers were published in languages other
than English. The full-texts of 106 remaining papeere reviewed and 22 papers were selected
based on the inclusion criteria outlined above. f#ference list of the included studies was read
to find potentially related studies, and one furtb@per was included following this process.
Overall 23 papers (22 from electronic search arelfoom the manual search) were found to be
eligible for further analysis. A search carried outhe two key journals did not provide any
more papers to be included for review. Cohen's aaymefficient between the two reviewers was
0.88 during the abstract review (95% confidenceriral [Cl] 0.76—-0.99) and 0.90 in the full-text
stage (95% ClI, 0.74-1.0).

Figure 1 shows the search process according tBRi8MA flowchart.

Study description

A majority of the 23 studies (n=22) had cross-sei designs, and one of them was a
longitudinal study (44). It should be noted thatlata extraction process, the baseline data of the
longitudinal study were extracted. This was donkaee data comparable to other included
studies. Consequently, the design of this studyamatyzed as a cross-sectional study. A total of

35,684 individuals participated in these studidse Targest sample size was 6,510 individuals in



the study by Byung-Soo Kim from South Korea (56)tAdy of Herlache (2018) in the USA
had the lowest sample size (n=143) (57). The studere performed in 14 different areas of the
world, including South Korea (n=4), Turkey (n=3)aimland China (n=2), Japan (n=2), Taiwan
(n=2), Spain (n=2), Hong Kong (n=1), Vietham (n=4%pal (n=1), Lebanon (n=1), Iran (n=1),
Switzerland (n=1), the USA (n=1), and Israel (n=19ung’s Internet Addiction Test (IAT) was
the most frequently used measure to assess IAssatong participants (n=17), and the
Pittsburg Sleep Quality Index (PSQI) was the masjdently used measure to assess sleep
problems (n=9). Table 1 provides a summary reggrdatailed characteristics of included

studies.

Quality assessment

Evaluation of the selected studies using the medliéhecklist of the STROBE with 14 items is
presented in Table 1. All studies clearly defineel dbjectives, variables, and measurements
using well-established criteria. The majority oé $tudies had issues concerning reporting bias,
how the sample size was calculated, how the mistatg were addressed, analytical methods
regarding sampling strategies, and sensitivityysisl The quality assessment scores and Figure

2 show the graphical representation of the qualitstudies.

Outcome measures
Findings in outcome measures are reported in tywarage sections (below) regarding sleep
problems and sleep duration.

I A and sleep problems



Overall OR estimation: All the included studies showed significant relaships between IA and
sleep problems. Three studies examined the mefamatite of total sleep scores between IA and
non-IA (NIA) groups and found significant differesec(47, 58, 61). Four studies examined the
associations using Pearson’s correlation coeffici@ignificant correlations of 0.25 to 0.90 were
reported in these studies (46, 57, 62, 63). Metdyais of the remaining 16 studies was done to
calculate the OR of having sleep problems if indlingls had IA. It should be noted that due to
difference in reporting outcome measures betweended studies (three reported mean
differences, four reported correlation coefficieraisd 16 reported data to estimate OR), final
guantitative synthesis regarding IA associatiorg gleep problems was conducted for the
subgroup of 16 studies which had crude data (outjit emailing the corresponding author of
the original studies) to estimate the overall OlJuFe 3 shows the forest plot regarding the OR
of sleep problems for the IA group. The overall lpddOR was 2.20 (95% CI: 1.77-2.74).
Meta-regression: Meta-regression analysis demonstrated that margblas had no significant
effect on the association between IA and sleeplenab (Table 2), including geographical region
by continent (i.e., Asia, Europe, and Amerigag.24), data collection methog<.99), number

of participants§=.27), mean age of participan{s=(99), measure for assessing internet
addiction p=.73), quality of the studyp€.33), and belonging to specific types of partiaipa

group (i.e., being a student, university studeommunity representative, or psychiatric patients)
(p=.51). Only the measure for assessing sleep prabfen014) had significant effect on the
association between IA and sleep problems. Sireentasure for assessing sleep problems had
a significant effect, further subgroup analysis wagormed considering these measures as
standardized or self-designed measures (i.e., wh#ik sleep questionnaire was designed by the

authors). Subgroup analysis showed that self-dedigleep measures appeared to alter this



association because the overall estimated OR fagreup with standardized measure for sleep
problems was 2.40 (95% CI: 1.74- 3.33) while therall estimated OR for subgroup with self-

devised measure was 1.96 (95% CI: 1.45-2.65).

I A and sleep duration

Overall SMD estimation: Meta-analysis of included studies was done to tatedhe SMD.
Figure 4 shows the forest plot of SMDs for sleeptlan for 1A group compared to normal
internet users, and the overall pooled SMD wa24 (95% CI: -0.38, -0.10) hours.
Meta-regression: Meta-regression analysis demonstrated that manghtas had no significant
effect on the association between IA and sleeptduré&Table 2) including data collection
method p=.179), number of participantp£.843), mean age of participanfs(568), groups of
participantsf=.112), and quality of the studigs<399). The measure for assessingpA.(6)

was the only variable that had a significant effect

Publication bias: For association between IA and sleep problemsyithal funnel plots, the
Egger’s Test (t = 0.659<.0.524) and the Begg's Test (z = 0.p9,558) demonstrated that there
was no publication bias. For the association betwAeand sleep duration the visual funnel
plots, the Egger’s Test (t = -1.0%5.317) demonstrated that there was no publicatias b

(Figure 5).

Sensitivity analysis



Sensitivity analysis was performed using the Jaidgknethod. After excluding each study
sequentially, the recalculated pooled results didchange significantly indicating that there was

no outlying study that influenced the overall résgignificantly (Table 3).

Discussion

Despite the increasing amount of research thaekained the relationship between 1A and
sleep (including sleep problems and sleep durattorthe best of our knowledge, no systematic
review or meta-analysis has been conducted to suizerthe findings. More specifically, the
first study assessing IA and sleep was publish&Div (67). Consequently, the evidence of the
association between IA and sleep has been studlié®fyears, and the cumulative evidence
requires summarizing. The present review is thst fireta-analysis that uses the empirical
evidence from the past 12 years to understandssecation between IA and sleep problems
using OR and SMDAfter a rigorous selection method using PRISMA gliites, 23 studies (22
using a cross-sectional design and one using atlmiigal design) with 35,684 participants were
included in the present meta-analysis. The resulisated that the 1A group as compared with
NIA group had significantly increased chances dfesing from sleep problems (overall pooled

OR=2.20) and had a decreased sleep duration (bpeded SMD=-0.24 hours).

Almost all the analyzed studies had an adequatédauof participants in sample size with the
smallest sample being 143 in a US study (57) aedatyest sample being 6,510 in a South
Korean study (56). Additionally, these studies wewaducted across 14 countries with most of
them being in Asia (n=19), followed by Europe (na8H the USA (n=1). Although the results

of the meta-analysis in this present review wenmagrily derived from Asian populations, the



sensitivity analysis revealed that the associdtismveen IA and sleep problems was consistent
across all studies. In other words, the small pridgo of the European and North American data
in this review had consistent results with the Agiata. Hence, the consistency across the
studies strengthens our findings, emphasizing $se@ation between IA and sleep. The
consistency could be attributed to the commonlylu8eand sleep instruments: 17 studies used
the IAT to assess IA (19, 20, 43, 45, 47, 52, B3,98-65, 68) and nine used the PSQI to assess
sleep problems (38, 45-47, 57, 60, 62, 63, 66)theamore, the high quality of these studies (all
studies have clearly defined their objectives,alags, and measurement using well-established
criteria) and the comparable participants in tretadies (19 studies on high school or university
students [19, 38, 43-47, 52, 53, 57, 58, 60-6268-ensure the homogeneity among the studies
and result in consistent findings. However, it dddae noted that the majority of the studies had
some methodological concerns, including (i) thé lakcreporting bias and conducting sensitivity
analysis, (ii) insufficient information in samplee calculation and missing data management,
and (iii) unreported information in some analytiosthods (e.g., sampling strategies).
Nevertheless, given the consistent findings inpilesent meta-analysis, the methodological

concerns might have minimal impacts on the preledings.

The main finding was that all the 23 studies shosigdificant relationships between IA and
sleep problems with a relatively high pooled OR:ihdividuals had 2.2 times more chances of
having sleep problems than NIA people. Meta-regoesanalysis further revealed that the
association between IA and sleep problems coulaffieeted by the instruments used to assess
sleep problems. More specifically, subgroup analgbiowed that self-designed sleep measures

appeared to lower the association between IA aepgbroblems: pooled OR=2.40 for studies



using standardized measures on sleep problem88283-47, 52, 57, 58, 60-63, 66-68); =1.96
for studies using self-designed measures (19,63 % 64, 65). Given that standardized
measures usually have stable and robust psycharmpetperties, the pooled OR from studies
using standardized measures may be more accueatehibse using self-designed measures in
the association between IA and sleep problems. Mpeeifically, the self-designed measures
may have had more measurement errors than theasthretl measures. For example, only nine
studies used a validated questionnaire to asssss gfoblems (i.e., PSQI). In contrast, other
studies used self-designed sleep questionnainesresleep-specific measures (e.g., general
health questionnaire). Therefore, the findings ftbese latter studies may not have capture
adequately the extent of sleep problems. Conselyuém associations between IA and sleep
problems in the studies using self-designed orsleap-specific measures are questionable and,

in some cases, may be less valid.

In terms of sleep duration, the meta-analysis tesalnd that the IA group slept 0.24 hours
(~14.4 minutes) less than did NIA group. AlthoughSaminute reduction in sleep duration for
individuals with IA does not appear to be clinigaklevant, this finding should be
simultaneously taken into account with the sleebl@ms among individuals with 1A. That is,
individuals with 1A slept less (though not substaly) and had a worse sleep quality than those
without IA. Therefore, a 15-minute decrease inslégration pooled with a poor sleep quality
may contribute to an increase in deleterious effeathealth and/or daytime functioning for
individuals with IA. In other words, individuals thiIA may not have effective rest from their
sleep (due to the shortage of sleep and the peep sjuality), and subsequently develop health

problems, such as emotional distress and fatignaedd, one study showed that for night-shift



nurses, two 15-minute naps with good quality mdgatively reduce tension (69), which
supports the notion that even 15 minutes of restaép contributes to good health. However, the
results of the present meta-analysis cannot inbausality between sleep and health because all
but one study adopted a cross-sectional desigr?(, 88, 43, 45-47, 52, 53, 56-68). Although
some studies have suggested that the presencepfmioblems may cause an overuse of the
internet (44, 70, 71), future research utilizingdamized controlled trials or longitudinal designs

are required to support the suggestion.

The strengths of the present meta-analysis indlueleomprehensive search in the literature and
rigorous methodology. More specifically, the litene was searched for using major databases
with clearly identified keywords according to PE@@mework. The methodology includes the
guality assurance, meta-regression, and sensitastyng. Therefore, the findings in this present
meta-analysis should be robust. However, thersa@ree limitations in this meta-analysis. First,
as mentioned earlier, 22 of 23 analyzed studieg werss-sectional studies, which cannot
provide evidence in causality. Second, the majaifitthe participants were students and Asians,
which restrict the present review’s generalizajilithird, all the analyzed studies used self-
reports in assessing IA or sleep. Therefore, wativkn biases such as social desirability and
memory recall bias cannot be excluded. Finallys teiview cannot draw definitive conclusions
concerning the effect of Internet addiction onatthi@an rhythm and the stability of sleep-wake
schedules due to the lack of empirical evidenceolgh the literature search, we only found one
relevant study (58), which showed that the effeftmternet use problems on sleep-wake

behavior problems did not change with increasingriret use problems. Therefore, future



systematic reviews and meta-analysis will needitthér explore this important topic when the

literature accumulates sufficient evidence.

Conclusion

The internet has increasingly become part of thiy e (both work and leisure) for hundreds

of millions of individuals across the world. Considd as a tool or a source of information or
entertainment for most of the people, internetassealso trigger a compulsive need in a
minority of individuals. It is important to noteahinternet Addiction Disorder is not yet a
recognized diagnosis and that the addiction caesteicted to one application or behavior such
as cybersex, gambling, gaming, social networkihg, Research in that area is still in its infancy.
As seen in this review, most of the studies devatdd and sleep disturbances are restricted to
young people. However, the results that are pubtigh date are arguably alarming so that
further study is needed on this modern phenomedeadless to say, the individuals most
susceptible to IA appear to be children, teenagerd,young adults, a highly vulnerable segment
of the population because most of them are stith@r developing years. Clinically, this
demonstrates that there is a very negative effestaep if adolescents and young adults with 1A
fail to engage in good sleep hygiene practice. dloee, assisting young people in developing
good sleep hygiene (e.g., not using the internéter smartphone before bedtime or while in
bed) should be relevant in clinical practi¢ée results of the present review show that theee i
clear association between internet addiction (&dduivalents), sleep problems, and curtailed
sleep duration. There is a need for further resemrexamine the directionality of this
association and to study if specific types of inggraddiction cause greater impact on sleep than

others.



Practice Points

1. Internet addiction may result in sleep probleimsluding lowered sleep quality and

reduced sleep duration.

2. Current evidence demonstrates that the assmtibétween internet addiction and sleep

disturbances exists across different countriesures, and ethnicities.

3. Using robust standardized psychometric meaguadeer than self-designed measures
assessing internet addiction and sleep qualitgdemmended. Standardized measures @

ensure the validity and stability in assessingrirgeaddiction and sleep.

an



Resear ch Agenda

1. Using longitudinal designs and/or randomizedtiiciied trials to assess the causality
between internet addiction and sleep can proviadttheare providers direction in treating

people with internet addiction problems or thosthwsleep problems.

2. Most of the studies included in the present raet@ysis comprised students and Asians.

Therefore, studies on large samples of Caucasiahthase in other age groups are needed

to examine whether the association between intaadittion and sleep is consistent acrpss

ethnicities and age groups.

3. Studies on reducing or preventing internet dduicare needed to investigate whether

reduced internet addiction can help improve sleep.

4. Impacts of different types of internet addictame needed to understand which types of

internet addiction contribute most to the sleefbfams.

the



References

1. InternetWorldStats: Usage and Population Stedist Miniwatts Marketing Group; 2018
[November 13, 2018]. Available from: https://wwwannetworldstats.com/stats.htm.

2. Aslanidou S, Menexes G. Youth and the intefdses and practices in the home.
Computers & Education. 2008;51(3):1375-91.

3. Bremer J. The internet and children: Advantagesdisadvantages. Child and
Adolescent Psychiatric Clinics. 2005;14(3):405-28.

4. Giles G, Price IR. Adolescent computer use: Apph, avoidance, and parental control.
Australian Journal of Psychology. 2008;60(2):63-71.

5. Tak SH, Hong SH. Use of the Internet for headtbrmation by older adults with
arthritis. Orthopaedic Nursing. 2005;24(2):134-8.

6. Carli V, Durkee T, Wasserman D, Hadlaczky G,iadiss R, Kramarz E, et al. The
association between pathological internet use antbdbid psychopathology: A systematic
review. Psychopathology. 2013;46(1):1-13.

7. Cao F, Su L. Internet addiction among Chinesdesdents: Prevalence and
psychological features. Child: Care, Health andddgwment. 2007;33(3):275-81.

8. Leung L. Net-generation attributes and sedugireperties of the internet as predictors
of online activities and internet addiction. Cyb&y&hology & Behavior. 2004;7(3):333-48.

9. Park SK, Kim JY, Cho CB. Prevalence of Interagdiction and correlations with family
factors among South Korean adolescents. Adolesc2068;43(172).

10.  Wu C-Y, Lee M-B, Liao S-C, Chang L-R. Risk fa& of internet addiction among

internet users: An online questionnaire survey.$ONE. 2015;10(10):e0137506.



11. Aboujaoude E, Koran LM, Gamel N, Large MD, SeRiT. Potential markers for
problematic internet use: A telephone survey o12,&dults. CNS Spectrums. 2006;11(10):750-
5.

12. Petit A, Karila L, Estellat C, Moisan D, Reydau, D’Ortho M-P, et al. Les troubles du
sommeil dans 'addiction a Internet. La Presse kdi 2016;45(12):1170-7.

13.  Johansson A, Gotestam KG. Internet addictidvar&cteristics of a questionnaire and
prevalence in Norwegian youth (12-18 years). Scawitan Journal of Psychology.
2004;45(3):223-9.

14. Kaltiala-Heino R, Lintonen T, Rimpeld A. Intetraddiction? Potentially problematic use
of the Internet in a population of 12—-18 year-dldlascents. Addiction Research & Theory.
2004;12(1):89-96.

15. Siomos KE, Dafouli ED, Braimiotis DA, Mouzas OBngelopoulos NV. Internet
addiction among Greek adolescent students. CybenBkgy & Behavior. 2008;11(6):653-7.
*16. LiL, Xu D-D, Chai J-X, Wang D, Li L, Zhang let al. Prevalence of Internet addiction
disorder in Chinese university students: A compnshe& meta-analysis of observational studies.
Journal of Behavioral Addictions. 2018;7(3):610-23.

*17. Zhang MW, Lim RB, Lee C, Ho RC. Prevalencertérnet addiction in medical
students: A meta-analysis. Academic Psychiatry820P(1):88-93.

*18. Lam LT. Internet gaming addiction, problemaitse of the internet, and sleep problems:
A systematic review. Current Psychiatry Reportd4206(4):444.

19. Zhang MWB, Tran BX, Hinh ND, Nguyen HLT, Tho TDatkin C, et al. Internet
addiction and sleep quality among Vietnamese youthsn Journal of Psychiatry. 2017;28:15-

2



20. De Vries HT, Nakamae T, Fukui K, Denys D, NaotonJ. Problematic internet use and
psychiatric co-morbidity in a population of Japanadult psychiatric patients. BMC Psychiatry.
2018;18(1):9.

21. Greenfield DN. Psychological characteristiceahpulsive Internet use: A preliminary
analysis. CyberPsychology & Behavior. 1999;2(5):4@3

22. Ryan T, Xenos S. Who uses Facebook? An inagiiginto the relationship between
the Big Five, shyness, narcissism, loneliness,Fambook usage. Computers in Human
Behavior. 2011;27(5):1658-64.

23. Steinfield C, Ellison NB, Lampe C. Social capiself-esteem, and use of online social
network sites: A longitudinal analysis. Journalgiplied Developmental Psychology.
2008;29(6):434-45.

24, Hardie E, Tee MY. Excessive Internet use: e of personality, loneliness and social
support networks in Internet Addiction. Australidmurnal of Emerging Technologies & Society.
2007;5(1): 34-47.

25. Allison SE, von Wahlde L, Shockley T, Gabba@.G he development of the self in the
era of the internet and role-playing fantasy gamaserican Journal of Psychiatry.
2006;163(3):381-5.

26. Ng BD, Wiemer-Hastings P. Addiction to massyvalultiplayer online role-playing
games. Annual Review of CyberTherapy and Telemedi@004;2:97-101.

27. Young KS. Internet sex addiction: Risk factstages of development, and treatment.

American Behavioral Scientist. 2008;52(1):21-37.



*28. Petry NM, Rehbein F, Gentile DA, Lemmens J8niRf HJ, MORle T, et al. An
international consensus for assessing internetrgadisorder using the new DSMapproach.
Addiction. 2014;109(9):1399-406.

29. Dong G, Lu Q, Zhou H, Zhao X. Impulse inhibitim people with Internet addiction
disorder: Electrophysiological evidence from a Gu@% study. Neuroscience Letters.
2010;485(2):138-42.

30. Tsai C-C, Lin SS. Internet addiction of adoéds in Taiwan: An interview study.
CyberPsychology & Behavior. 2003;6(6):649-52.

31. Bernardi S, Pallanti S. Internet addiction:&scriptive clinical study focusing on
comorbidities and dissociative symptoms. Compreleerdsychiatry. 2009;50(6):510-6.

32. Gibbs PL. Reality in cyberspace: Analysands'afghe internet and ordinary everyday
psychosis. Psychoanalytic Review. 2007;94(1):11-38.

33. Zhang L, Amos C, McDowell WC. A comparativedstwf Internet addiction between
the United States and China. CyberPsychology & Bieha2008;11(6):727-9.

34. Lai CM, Mak KK, Watanabe H, Jeong J, Kim D, BaN, et al. The mediating role of
Internet addiction in depression, social anxiety] psychosocial well-being among adolescents
in six Asian countries: a structural equation mbglapproach. Public health. 2015;
129(9):1224-36.

35. Li S, Zhu S, Jin X, Yan C, Wu S, Jiang F, eRask factors associated with short sleep
duration among Chinese school-aged children. Siésgticine. 2010;11(9):907-16.

36.  Van den Bulck J. Television viewing, computamg playing, and Internet use and self-

reported time to bed and time out of bed in seconrdehool children. Sleep. 2004;27(1):101-4.



37. Owens J, Maxim R, McGuinn M, Nobile C, Msall Mario A. Television-viewing
habits and sleep disturbance in school childredig®écs. 1999;104(3):e27-e.

38. Cheung LM, Wong WS. The effects of insomnia suternet addiction on depression in
Hong Kong Chinese adolescents: An exploratory esestional analysis. Journal of Sleep
Research. 2011;20(2):311-7.

39. Caci H, Robert P, Boyer P. Novelty seekersianuililsive subjects are low in
morningness. European Psychiatry. 2004;19(2):79-84.

*40. Lin M-P, Ko H-C, Wu JY-W. Prevalence and psgstcial risk factors associated with
Internet addiction in a nationally representatiaemple of college students in Taiwan.
Cyberpsychology, Behavior, and Social Networkingl2,14(12):741-6.

41. Higuchi S, Motohashi Y, Liu Y, Maeda A. EffedEplaying a computer game using a
bright display on presleep physiological variabkeep latency, slow wave sleep and REM
sleep. Journal of Sleep Research. 2005;14(3):267-73

42. Touitou Y, Touitou D, Reinberg A. Disruptionadolescents’ circadian clock: The
vicious circle of media use, exposure to lightighty sleep loss and risk behaviors. Journal of
Physiology-Paris. 2016;110(4):467-79.

43. Sami H, Dannielle L, Lihi D, Elena S. The etffetsleep disturbances and internet
addiction on suicidal ideation among adolescenthempresence of depressive symptoms.
Psychiatry Research. 2018; 267:327-332.

*44. Chen YL, Gau SSF. Sleep problems and inteaddiction among children and

adolescents: A longitudinal study. Journal of SIBegearch. 2016;25(4):458-65.



45, Kitazawa M, Yoshimura M, Murata M, Satajimoto Y, Hitokoto H, Mimura M, et al.
Associations between problematic internet use aydtpatric symptoms among university
students in Japan. Psychiatry and Clinical Neuems@s. 2018; 72 (7): 531-539.

46. TanY, ChenY, LuY, Li L. Exploring associat®between problematic internet use,
depressive symptoms and sleep disturbance amotigesolChinese adolescents. International
Journal of Environmental Research and Public Hea0t6;13(3):313.

47. Li J-B, Lau JT, Mo PK, Su X-F, Tang J, Qin Z& al. Insomnia partially mediated the
association between problematic Internet use aptedsion among secondary school students in
China. Journal of Behavioral Addictions. 2017;6%%8%-63.

*48. Liberati A, Altman DG, Tetzlaff J, Mulrow C, &gzsche PC, loannidis JP, et al. The
PRISMA statement for reporting systematic reviewd meta-analyses of studies that evaluate
health care interventions: Explanation and elalbmmaPLoS Medicine. 2009;6(7):e1000100.
49. Alimoradi Z, Pakpour A, Bajalan Z. Internet adihn and sleep disorders York, UK:
PROSPERQO International prospective register ofesyatic reviews, Centre for Reviews and
Dissemination University of York; 2018. Availablem:
https://lwww.crd.york.ac.uk/prospero/display_recphih?RecordID=108669.

50. Boudin F, Nie J-Y, Dawes M, editors. Positioiaaguage models for clinical
information retrieval. Proceedings of the 2010 @oefice on Empirical Methods in Natural
Language Processing; 2010: Association for Comjmumal Linguistics. 108-115, Massachusetts,
USA.

51.  Von Elm E, Altman DG, Egger M, Pocock SJ, GeltesPC, Vandenbroucke JP, et al.
The Strengthening the Reporting of Observationadli®s in Epidemiology (STROBE)

statement: Guidelines for reporting observatiotadies. PLoS Medicine. 2007;4(10):e296.



52. Choi K, Son H, Park M, Han J, Kim K, Lee Baétinternet overuse and excessive
daytime sleepiness in adolescents. Psychiatry #indt& Neurosciences. 2009;63(4):455-62.
53. Canan F, Yildirim O, Sinani G, Ozturk O, UstUh¥, Ataoglu A. Internet addiction and
sleep disturbance symptoms among Turkish high $ctodents. Sleep and Biological Rhythms.
2013; 11:210-3.

54. Borenstein M, Hedges LV, Higgins JP, Rothskh A basic introduction to fixedffect
and randoreffects models for metanalysis. Research Synthesis Methods. 2010;1(2197-

55. Higgins JP, Green S. Cochrane handbook foesyaic review of interventions version
5.1. 0 [updated March 2011]. The Cochrane Collaimra2011. Available from www
cochrane-handbook org. 2014.

56. Kim B-S, Chang SM, Park JE, Seong SJ, Won 3Std,[@J. Prevalence, correlates,
psychiatric comorbidities, and suicidality in a acoomity population with problematic Internet
use. Psychiatry Research. 2016;244:249-56.

57. Herlache AD, Lang KM, Krizan Z. Withdrawn and&d: Problematic internet use
accounts for the link of neurotic withdrawal toegpedisturbances. Sleep Science. 2018;11(2):69.
58. Park M-H, Park S, Jung K-I, Kim JI, Cho SC, Kia¥lN. Moderating effects of depressive
symptoms on the relationship between problemagocafishe Internet and sleep problems in
Korean adolescents. BMC Psychiatry. 2018;18(1):280.

*59. Kim K, Lee H, Hong JP, Cho MJ, Fava M, MisclmuD, et al. Poor sleep quality and
suicide attempt among adults with internet addict#® nationwide community sample of Korea.

PLoS ONE. 2017;12(4):e0174619.



60. Bhandari PM, Neupane D, Rijal S, Thapa K, Mas8R, Poudyal AK. Sleep quality,
internet addiction and depressive symptoms amodgrgnaduate students in Nepal. BMC
Psychiatry. 2017;17(1):106.

61. Younes F, Halawi G, Jabbour H, El Osta N, Katamdajj A, et al. Internet addiction

and relationships with insomnia, anxiety, depregssstress and self-esteem in university
students: A cross-sectional designed study. PLo&E.QN16;11(9):e0161126.

62. Kootesh BR, Raisi M, Ziapour A. Investigatidrrelationship internet addict with
mental health and quality sleep in students. Actaligh Mediterranea. 2016;32(5):1921-25.
63. Reed P, Vile R, Osborne LA, Romano M, TruzolPRoblematic internet usage and
immune function. PLoS ONE. 2015;10(8):e0134538.

64. Suris J-C, Akre C, Piguet C, Ambresin A-E, Ziexmann G, Berchtold A. Is Internet use
unhealthy? A cross-sectional study of adolescdetmet overuse. Swiss Medical Weekly.
2014;144:w14061.

65. Ekinci O, Celik T, Sav&aN, Toros F. Association between internet use éeeps
problems in adolescents. NOro Psikiyatrigr. 2014;51(2):122.

*66. Cheng SH, Shih C-C, Lee IH, Hou Y-W, Chen Khen K-T, et al. A study on the sleep
quality of incoming university students. Psychid®gsearch. 2012;197(3):270-4.

67. Jenaro C, Flores N, Gobmez-Vela M, GonzéalezZ=G€aballo C. Problematic internet and
cell-phone use: Psychological, behavioral, andthealrrelates. Addiction Research & Theory.
2007;15(3):309-20.

*68. Bener A, Yildirim E, Torun P, Catan F, Bolat&i¢ S, et al. Internet addiction, fatigue,
and sleep problems among adolescent studentsgé-taale study. International Journal of

Mental Health and Addiction. 2018:1-11.



69. Oriyama S, Miyakoshi Y, Kobayashi T. Effectswb 15-min naps on the subjective
sleepiness, fatigue and heart rate variabilityighnshift nurses. Industrial Health.
2014:52(1):25-35.

70.  Wagner DT, Barnes CM, Lim VK, Ferris DL. Logtep and cyberloafing: Evidence
from the laboratory and a daylight saving time dgexperiment. Journal of Applied Psychology.
2012;97(5):1068.

71.  Tavernier R, Willoughby T. Sleep problems: ket or outcome of media use among

emerging adults at university? Journal of SleepeReh. 2014;23(4):389-96.



Table 1-Summarized characteristics of selected primary studies
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First Cou (I::)S:thio Sam | Age (Mean Group of STR
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ear ntry | n size | age range) participants score
y method
Park Sout
’ h Paper- 15.05 % Young'’s Internet
2018 Kor | based 766 135 School students| 9 Addiction Scale ISI & ESS
(58)
ea
Kitaza
wa, Japa| Paper- | 125 | 19.34 ¢ University 9 Young's Internet PSQI
2018 n based 8 1.95 students Addiction Scale
(45)
Herlac
he, us . 19.85+ University Problematic
2018 A Online 143 2.45 students 6 Internet Use scale PSQl
(57)
Li, . s th h Young's 8-item
2017 Chi | Paper 101 | 7"to 9 School students| 10 | Diagnostic PSQI
na based 5 grade ) .
47) Questionnaire
Zhang, Viet 15 to 25 Universities as Short form Internet
2017 nam Online 566 ears well as high 8 Addiction Test (s- | Self-devised
(19) y schools Students IAT)
Kim Sout | Face-to- Korean version of
2017 P(or :tgtceervie 221 303;22 * an;rlgltjig'r:y 11 Young's Internet | Self-devised
(59) ' bop Addiction Test
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Ygg;\gs ;ﬁg Paper- 600 20.36 + University 9 Young's Internet S|
’(61) n based 1.84 students addiction Scale
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Sami Child and
’ Isra | Paper 14.95 Young's Internet | Adolescent
(24?351.)8 el based 631 +1.53 School studRpigy, Jo Addiction Scale Sleep
Checklist

Kim, ﬁOUt ;a(\:(;e to 651 Communit Korean version of
2016 Kor | intervie | 0 18-64 years o ulationy 9 Young's Internet | Self-devised
(56) bop Addiction Test

ea w
Canan, ;
2013 'll'ur Eape(;- 196 | 16.04 = School students| 8 Ygg.ng N Inter?et Self-devised
(53) ey ase 5 1.20 addiction Scale
Egilgr’ Tur | Paper- | 235 | 20.95+ University 11 Young's Internet ESS

key | based 0 1.36 students addiction Scale

(68)




Table 2- meta-regression analysis

Sleep problem Sleep duration
Variable B p 1° Adj.R* | tau® | B p 1° Adj.R* | tau®
residual | (%) residual | (%)
(%) (%)
Continent | 1.19 0.24 | 97.91 321 159 | - - - - -
Data -0.002 {099 (9827 |-71 176 | -0.112 |0.18|83.15 |13.7 0.38
collection
method
Number of | - 0279818 |224 1.61 | 0.00002 | 0.84 | 86.02 |-14.28 | 0.05
participants | 0.0002
Meanage |-0.001 | 0.99|98.68 |-10.00 |2.25|-0.014 |0.57|79.88 |41.58 |0.03
of
participants
Participants | -0.23 | 0519823 |-3.77 |170|0.235 0.11| 8289 |22.37 |0.03
groups
Measureof | -0.052 | 0.73|98.26 |-6.21 | 1.74 | 0.065 0.06 | 8148 |31.19 |0.03
Internet
Addiction
Measureof | 0421 |0.01|97.16 |3249 |111|- - - - -
sleep
problem
Quality of |-0.201 | 0.32 | 98.28 | 0.20 1.64 | 0.047 040 | 86.22 |-4.47 |0.05
studies

Note. Ten studies were included in meta-analysis of sleep duration regarding IA, as all of them

were from Asian countries; no further meta regression was conducted regarding continent. Also
as the outcome measure for this group was sleep duration, so no further analysis regarding sleep
measure was conducted in this group.




Table 3- results of sensitivity analysis

Sleep problem

Sleep duration

excluded study Pooled OR excluded study Pooled SMD
Li, 2017 (47) 2.14 Park, 2018 (58) -0.22
Zhang, 2017 (19) 2.24 Kitazawa, 2018 (45) -0.26
Kim, 2017 (59) 2.23 Bener, 2018 (68) -0.23
Bhandari, 2017 (60) 2.15 Li, 2017 (47) -0.23
Chen, 2016 (44) 2.30 Zhang, 2017 (19) -0.26
Suris, 2014 (64) 2.12 Kim, 2017 (59) -0.28
Ekinci, 2014 (65) 2.25 Chen, 2016 (44) -0.24
Cheng, 2012 (66) 2.21 Canan, 2013 (53) -0.20
Cheung, 2011 (38) 2.16 Cheung, 2011(38) -0.26
Choi, 2009 (52) 2.27 Choi, 2009 (52) -0.21
Jenaro, 2007 (67) 2.16

De Vries, 2018 (20) 2.19

Sami, 2018 (43) 2.05

Kim, 2016 (56) 2.27

Canan, 2013 (53) 2.29

Bener, 2018 (68) 2.31

Pooled OR (with all studies) 2.20 Pooled SMD (vathstudies) -0.24
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Figure 2- Graphical representation of the quality assessment of included studies based on

checklist items
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Figure3. Forest plot of overal ORs for sleep problem among A users
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Figure 4. Forest plot of overall SMDs comparing sleep duration among internet-addicted users

and normal users
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Figure 5. Funnel plots for assessing publication bias within studies related to (i) sleep problems
and (ii) sleep duration



