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Abstract

The all-pervasive Internet has created serious problems, such as Internet overuse, which has trig-
gered considerable debate over its relationship with addiction. To further explore its genetic sus-
ceptibilities and alternative explanations for Internet overuse, we proposed and evaluated four
hypotheses, each based on existing knowledge of the biological bases of addiction, inattention,
novelty-seeking, and harm-avoidance. Four genetic loci including DRD4 VNTR, DRD2 TaqlA,
COMT Vall158Met and S-HTTLPR length polymorphisms were screened from seventy-three in-
dividuals. Our results showed that the DRD4 4R/4R individuals scored significantly higher than
the 2R or 7R carriers in Internet Addiction Test (IAT). The S-HTTLPR short/short males scored
significantly higher in IAT than the long variant carriers. Bayesian analysis showed the most
compatible hypothesis with the observed genetic results was based on attention (69.8%), whereas
hypotheses based harm-avoidance (21.6%), novelty-seeking (7.8%) and addiction (0.9%) re-
ceived little support. Our study suggests that carriers of alleles (DRD4 2R and 7R, 5-HTTLPR
long) associated with inattentiveness are more likely to experience disrupted patterns and reduced
durations of Internet use, protecting
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Genetic-linked Inattentiveness

Introduction

The advent of the Internet age in the last decade provided the world with new landscapes of so-
ciability and access. Lately, the growing role of the Internet, along with other new information
technologies (e.g., mobile devices and applications), has become increasingly pervasive and in-
fluential in all aspects of our everyday life. With its impersonal method of communication, copi-
ous amount of information, and many other unprecedented features, the Internet has reshaped and
redefined friendships, businesses, professions, academia, and entertainment. Meanwhile, the om-
nipresent Internet has created serious social and personal problems, everything from privacy theft
(Aimeur & Schonfeld, 2011) and cyberbullying (Tokunaga, 2010) to Internet overuse.

Is Internet Overuse a Type of Addiction?

Since the term “Internet addiction” was first introduced in 1996 (Young, 1996), there has been
considerable debate by both clinicians and academicians over whether it should be diagnosed,
studied, and treated the same way as substance addictions such as alcohol, nicotine and drugs
(Beard & Wolf, 2001; Campbell, Cumming, & Hughes, 2006; Mitchell, 2000; Murali & George,
2007; Young, 2004). The discussion has become even more contentious after pathological gam-
bling became the first behavioral disorder recognized as a type of addiction by the American Psy-
chiatric Association (2013). The controversy is also reflected in the use of terminologies. Besides
Internet addiction, some refer to it as Internet addiction disorder (Bai, Lin, & Chen, 2001),
whereas others prefer pathological Internet use (Morahan-Martin & Schumacher, 2000), or Inter-
net dependency (W. Wang, 2001). In this study, the term Internet overuse is used to cover the
collective phenomenon.

Despite the debate and controversy, Internet overuse became a popular topic for research. Be-
tween 1996 and 2006, more than 120 peer-reviewed articles were published on Internet overuse
and related subjects (Byun et al., 2009). Internet overuse has been most studied in East Asian
countries such as China and South Korea (Weinstein & Lejoyeux, 2010). This seems to corre-
spond with the high prevalence of Internet overuse and frequent tragic incidents related to Inter-
net overuse in this region (Choi et al., 2009; Deng & Xuan, 2009; Lam, Peng, Mai, & Jing, 2009;
Park, Kim, & Cho, 2008; Tsai et al., 2009). Internet overuse was also first codified within the
psychopathological framework in East Asian countries (Block, 2008). However, due to the incon-
sistent criteria, there is a lack of standardized instrument for measuring Internet overuse across
study findings and cultural perspectives.

Internet Use in College

College students are one of the most studied populations worldwide on Internet use. Compared to
the general public, college students have relatively independent control of their leisure time and
unfettered access to the Internet (Christakis, Moreno, Jelenchick, Myaing, & Zhou, 2011). More-
over, the fast growing popularity of social networking sites (e.g., Facebook and Instagram)
among college students (Pempek, Yermolayeva, & Calvert, 2009) and use of online teaching
tools (e.g., Blackboard) on college campuses have made frequent access to the Internet almost
indispensable. In the US, almost all college students (90%) use the Internet on a daily basis
(Fortson, Scotti, Chen, Malone, & Del Ben, 2007), spending an average of 3.3 hours online per
day (Rotunda, Kass, Sutton, & Leon, 2003). Using various survey instruments, the rates of Inter-
net overuse among college students range from 1.1% to 17.9% globally, with the highest reported
in East Asia (Alavi, Maracy, Jannatifard, & Eslami, 2011; Goel, Subramanyam, & Kamath, 2013;
Jelenchick, Becker, & Moreno, 2012; Lin, Ko, & Wu, 2011; Mufioz-Rivas, Fernandez, & Gamez-
Guadix, 2010; Ni, Yan, Chen, & Liu, 2009; Niculovi¢, Zivkovié¢, Manasijevi¢, & Strbac, 2012;
Saville, Gisbert, Kopp, & Telesco, 2009; H. F. Tsai et al., 2009). Several studies reported higher
total use of the Internet in males than in females (Joiner et al., 2005; Odell, Korgen, Schumacher,
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& Delucchi, 2000). Male college students are more likely to use the Internet for information and
entertainment such as reading news, playing online video games, listening to music and down-
loading music/videos; female college students are more likely to use the Internet for communica-
tive purposes like e-mail and social networking sites (Jackson, Ervin, Gardner, & Schmitt, 2001;
Joiner et al., 2005; Jones, Johnson-Yale, Millermaier, & Pérez, 2009; Odell et al., 2000; Tufekci,
2008). Men have a more positive attitude towards the Internet, experience less anxiety, and feel
more comfortable during Internet use than women (Jackson et al., 2001; Sherman et al., 2000;
Slate, Manuel, & Brinson, 2002; Zhang, 2002). Findings from several studies around the world
have indicated higher risk for Internet overuse among male college students than females (Alavi
etal., 2011; Ko, Yen, Yen, Chen, & Chen, 2008; Mufoz-Rivas et al., 2010; Yen, Yen, Chen,
Tang, & Ko, 2009).

Genes and Internet Overuse

There were three studies investigating genetic susceptibilities to Internet overuse as of 2014. They
reported associations between Internet overuse and genetic polymorphisms related to dopaminer-
gic (Han et al., 2007), serotonergic (Y. S. Lee et al., 2008) and nicotinic pathways (Montag et al.,
2012).

Dopamine D2 receptor gene (DRD?2) encodes the D2 subtype of the dopamine receptor which is
related to cognitive functions such as response inhibition, temporal organization of material, and
motor performance (Cropley, Fujita, Innis, & Nathan, 2006). Variations of the Taql A locus have
been the most studied polymorphism of DRD2 (Noble, 2003) with carriers of the A1 allele ex-
pressing significantly reduced D2 dopamine binding sites compared to carriers of the A2 allele
(Pohjalainen et al., 1998). Han et al. (2007) found that more individuals with the A1 allele played
online video game for an extended period to compensate for the deficiencies in their dopamine
system.

Catechol-O-methyl transferase (COMT) is an enzyme that degrades and inactivates catechol neu-
rotransmitters such as dopamine (Grossman, Emanuel, & Budarf, 1992). A functional single-
nucleotide polymorphism of the COMT gene results in a valine to methionine mutation at posi-
tion 158 (Vall58Met polymorphism) which leads to a 3 to 4-fold reduction in enzymatic activity
(Lachman et al., 1996). Han et al. (2007) suggested that the low inactivation rate of dopamine
associated with the low-activity variant lead to a raised feeling of euphoria from playing online
video games.

The serotonin reuptake transporter (5-HTT) transports serotonin from the synaptic cleft to the
presynaptic neuron. Transcription of the gene is modulated by the S-HTT gene-linked polymor-
phic region (5-HTTLPR), which contains an insertion/deletion polymorphism (Nakamura, Ueno,
Sano, & Tanabe, 2000). The basal activity of the short variant is about 3-fold lower than the long
variant (Heils et al., 1996) and the allele frequency varies globally (Gelernter, Cubells, Kidd,
Pakstis, & Kidd, 1999). Y. S. Lee et al. (2008) reported higher risk for Internet overuse among
individuals with homozygous short alleles.

Neuronal acetylcholine receptor subunit alpha-4 is a protein encoded by the CHRNA4 (choliner-
gic receptor-nicotinic-alpha 4) gene. Although the functionality of the rs1044396 polymorphism
in the CHRNA4 gene is still unclear, the effect has been implicated in anxiety (Markett, Montag,
& Reuter, 2011) and addiction (Feng et al., 2004) studies. Montag et al. (2012) reported that the
CC genotype of the polymorphism occurred significantly more frequently in the group with In-
ternet overuse problems.

Although dopamine D4 receptor gene (DRD4) has been widely studied for a variety of behavioral
processes such as addiction, attention deficit hyperactivity disorder (ADHD), novelty-seeking and
harm-avoidance, no previous studies have investigated its relationship with Internet overuse. The
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gene encodes a transmembrane G-protein coupled receptor — dopamine D4 receptor (McGeary,
2009) which mediates inhibitory impacts on neuronal firing in dopaminergic pathway (Rubinstein
et al., 2001; E. Wang et al., 2004). DRD4 gene contains a variable number of tandem repeat
(VNTR) polymorphism in exon 3 that consists of a 48-bp repeat unit. This unit is repeated be-
tween 2 and 11 times with the most common versions being 4 (4R), 7 (7R) and 2 (2R) repeats
(McGeary, 2009; Van Tol et al., 1992). Compared to the 4R, both the 2R and 7R variants mediate
a blunted intracellular response to dopamine (Asghari et al., 1995; E. Wang et al., 2004) and man-
ifest similar phenotypic effects in behavioral processes such as addiction and ADHD (Comings et
al., 1999). The frequencies of the 4R and 7R differ considerably across populations (Chang, Kidd,
Livak, Pakstis, & Kidd, 1996), a possible result of a positive selection of the 7R related to human
migration (Chen, Burton, Greenberger, & Dmitrieva, 1999; Ding et al., 2002).

Genes in Other Behavioral Processes

As the Internet becomes more pervasive in all aspects of modern life, a better conceptualization
of Internet overuse will help us to minimize its harm. The field may benefit from lessons and ex-
perience in the nosological changes of pathological gambling. It was only until recently that
pathological gambling was placed in the same category related to substance addiction in DSM,
rather than categorized as impulse-control disorders. Among the similarities between pathological
gambling and substance addiction, common underlying genetic vulnerabilities have contributed
significantly to the change of classification. Exploring the established connections between genet-
ics (i.e., DRD4, DRD2, COMT and 5-HTTLPR polymorphisms) and behaviors may offer new
insights into the understanding of Internet overuse.

Addiction

Addictions are chronic disorders often characterized by obsession, compulsion, and physi-
cal/psychological dependence on psychoactive substances or behaviors. Genetic factors affect all
steps of addiction from vulnerability at initiation to likelihood of becoming dependent (M. D. Li
& Burmeister, 2009). Strong evidence emerged from previous studies including meta-analyses
and review studies that DRD4 2R and 7R, and DRD2 Al alleles were associated with higher risks
for substance and behavioral addictions (Comings et al., 1996, 1999; Le Foll, Gallo, Le Strat, Lu,
& Gorwood, 2009; McGeary, 2009; Noble, 2000, 2003). In contrast, results from studies on
COMT and 5-HTTLPR polymorphisms were mixed and inconsistent (Dick & Foroud, 2003;
Ducci & Goldman, 2012; Hosak, 2007; Kohnke, 2008; Serretti, Calati, Mandelli, & De Ronchi,
2006; Tammiméaki & Méannisto, 2010; Verdejo-Garcia, Lawrence, & Clark, 2008).

Inattention (ADHD)

ADHD is a condition with inattentiveness, over-activity, impulsivity, or a combination
(Schweitzer, Cummins, & Kant, 2001; Whalen & Henker, 1998). These components might be
evolutionarily adaptive in ancestral environments such as hunter-gatherer or nomadic societies
(Jensen et al., 1997) but problematic under less-dynamic settings such as a settled food-producing
community or classroom learning (Eisenberg, Campbell, Gray, & Sorenson, 2008). Previous stud-
ies revealed strong evidence that DRD4 4R and S-HTTLPR short alleles are associated with de-
creased risk for inattention (Faraone, Doyle, Mick, & Biederman, 2001; Faraone et al., 2005;
Gizer, Ficks, & Waldman, 2009; Kebir & Joober, 2011; Kent et al., 2002; Khan & Faraone, 2006;
Leung et al., 2005; D. Li, Sham, Owen, & He, 2006; Wu, Xiao, Sun, Zou, & Zhu, 2012). Existing
data on relationships between DRD2 and inattention are mixed and conflicting as associations
with each allele and non-association all have been reported (Bobb, Castellanos, Addington, &
Rapoport, 2006; Gizer et al., 2009; Wu et al., 2012). The role of COMT was less ambiguous as
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most studies including meta-analyses found no connections between the Vall58Met polymor-
phism and inattention (Faraone et al., 2005; Gizer et al., 2009; Hosak, 2007).

Novelty-seeking

Novelty-seeking is one of the seven personality dimensions of human temperament often meas-
ured using the Temperament and Character Inventory (Cloninger, 1993). Individuals with greater
novelty-seeking personality are often described as exploratory, curious, inquisitive, and enthusi-
astic (Kose, 2003). Strong evidence emerged from existing studies that the polymorphisms in
DRD4, DRD2 and 5-HTTLPR were not connected to novelty-seeking personality (Burt, McGue,
lacono, Comings, & MacMurray, 2002; de Brettes et al., 1998; Ebstein, 2006; Ebstein et al., 1997;
Hill, Zezza, Wipprecht, Locke, & Neiswanger, 1999; Kluger, Siegfried, & Ebstein, 2002; Kreek,
Nielsen, Butelman, & LaForge, 2005; S. H. Lee, Ham, Cho, Lee, & Shim, 2007; Light et al.,
2007; Munafo et al., 2003; Ricketts et al., 1998; Samochowiec et al., 2001; Schinka, Letsch, &
Crawford, 2002; Suzuki et al., 2008; Tsuchimine et al., 2012; Van Gestel et al., 2002). In contrast,
studies on COMT polymorphism revealed mixed and conflicting results (Calati et al., 2011;
Demetrovics et al., 2010; Golimbet, Alfimova, Gritsenko, & Ebstein, 2007; Hashimoto et al.,
2007; Hosak, Libiger, Cizek, Beranek, & Cermakova, 2006; Hoth et al., 2006; Kim, Kim, Kim,
Lee, & Kim, 2006; Lichtenberg, Bachner-Melman, Ebstein, & Crawford, 2004; Light et al., 2007,
Reuter & Hennig, 2005; S.-J.Tsai, Hong, Yu, & Chen, 2004).

Harm-avoidance

Harm avoidance is another personality dimension of human temperament. Individuals with great-
er harm-avoidance or lesser risk-taking personality tend to be cautious, fearful, nervous, discour-
aged, doubtful, inhibited, and shy in most social situations (Kose, 2003). Studies on the DRD4,
DRD?2 and COMT polymorphisms revealed mixed and conflicting results (Bau, Roman, Almeida,
& Hutz, 1999; Dreber et al., 2009; Enoch, Xu, Ferro, Harris, & Goldman, 2003; Golimbet et al.,
2007; Hashimoto et al., 2007; Hill et al., 1999; Kim et al., 2006; Kuhnen & Chiao, 2009; Lee et
al., 2007; Lichtenberg et al., 2004; Light et al., 2007; Munafo et al., 2003; Serretti, Mandelli, et
al., 2006; Smolka et al., 2005; Tsai et al., 2004; Tsuchimine et al., 2012). Meta-analyses and re-
view studies indicated that there was no connection between 5-HTTLPR polymorphism and
harm-avoidance personality (Ebstein, 2006; Munafo et al., 2009; Schinka, Busch, & Robichaux-
Keene, 2004; Sen, Burmeister, & Ghosh, 2004).

Research Objective and Hypotheses

As the study of Internet overuse is still at its preliminary stage, there is an increasing need for ex-
ploratory studies to gain insights on genetic basis of Internet overuse and to offer refined hypoth-
eses for future investigations. The present study investigated whether genetic polymorphisms in
DRD4, DRD2, COMT and 5S-HTTLPR are linked to Internet overuse through one (or several) of
the four behavioral processes: addiction, attention, novelty-seeking, and harm-avoidance. The
following four hypotheses, each based on one of the behavioral processes, were proposed and
evaluated using a method of Bayesian analysis. First, if the etiology of Internet overuse is similar
to addiction, carriers of the risk alleles for addiction (DRD4 2R, 7R and DRD2 A1) should have
higher risk for Internet overuse compared to their counterparts. Second, if the inattentiveness and
hyperactivity lead to disrupted patterns and decreased durations of Internet use, carriers of alleles
associated with attention (DRD4 4R and 5-HTTLPR short alleles) should have higher risk for
Internet overuse. Third, if exploratory, curious, and inquisitive individuals consider the Internet as
a place with innumerable novel stimuli and excitements, carriers of the alleles associated novelty-
seeking personality should spend more time exploring online novelties and thus are more likely to
have Internet overuse problems. Fourth, if cautious, fearful, and socially shy individuals regard
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the Internet as a risk-free and socially-comfortable environment, carriers of the alleles associated
with harm-avoidance personality would spend more time online to avoid the physical world and
have higher risk for Internet overuse.

Research Methodology

Participants were recruited for AFK (away-from keyboard) Weekend Project at Binghamton Uni-
versity in April 2011. The event was advertised via campus flyers and listserv postings. Each par-
ticipant was given a chance to win one of four Amazon.com gift cards in a lottery. This study was
conducted in accordance with guidelines for the use of humans as research participants and was
approved by the Human Subjects Research Review Committee at Binghamton University. All
participants were adults (>18 years) and enrolled voluntarily. A written informed consent was
given based on a clear understanding and appreciation of the procedure and implications of the
project prior to their participation.

Self-report Survey and AFK Procedure

Primary self-report measures of this study consisted of a pre-weekend survey on Friday, a log
kept by the participants on Saturday (24-hr Internet abstinence) and Sunday, and a post-weekend
survey on Monday. DNA samples were collected from participants during the initial enrollment.
The pre-weekend survey consisted of questions regarding participants’ general Internet use pat-
terns (including the frequencies of Internet use and the average amount of time using Internet per
day as well as in a single session) and frequencies they participated in twelve online activities.
The population-level frequency of use for the twelve activities was defined as the proportion of
the population participating on a weekly basis.

After completing the pre-weekend survey on Friday, the participants were asked to abstain from
using the Internet (via computers and mobile devices) for 24 hours the next day (Saturday). On
Sunday (starting at 12AM)), the participants were allowed to resume regular Internet use. Every
three waking hours on both weekend days, the participants were asked to record their activities
and moods in a provided logbook. On Monday, participants returned to complete the post-
weekend survey which consisted of questions regarding their use of mobile devices, mobile ap-
plications, and the Internet Addiction Test (IAT). The IAT has been widely used globally to eval-
uate risk for Internet overuse by examining the degree of preoccupation, compulsive use, behav-
ioral problems, emotional changes, and the impact on life resulting from Internet use. The test
consists of 20 questions (100 points in total), with each response measured on a six-point Likert
scale (Young, 1998a). The higher the total score is, the more inferred problems are caused by In-
ternet overuse.

Considering that several questions in IAT address psychological responses when access to the
Internet becomes unavailable, the requirement of 24-hr Internet abstinence before answering the
IAT in the present study was to ensure a more realistic and accurate self-evaluation. We think this
is essential to all studies using similar measures because self-prejudices resulting from routine
interactions with the Internet might impair the accuracy of the IAT scores.

Genotyping

For DNA analysis, a non-invasive oral buccal wash sample was obtained from each participant
using 10 ml of Scope™ mouthwash (Feigelson et al., 2001). The buccal cell samples were ex-
tracted and analyzed in the Laboratory of Evolutionary Anthropology and Health at Binghamton
University. Four genetic loci were screened, including DRD4 exon 3 VNTR, DRD2 TaqlA,
COMT Vall158Met and 5S-HTTLPR length polymorphisms. Genotypes were grouped for analyses
as follows: DRD4 4R (high-activity) homozygotes (4R group) and 2R or 7R (low-activity) carri-
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ers (2R/7R group), DRD2 A2 allele (high-activity) homozygotes and A1 allele (low-activity) car-
riers, COMT high-activity (H) variant homozygotes and low-activity (L) variant carriers, and 5-
HTTLPR high-activity long allele (1) carriers and low-activity short allele (s) homozygotes.

Statistical Analysis

For the pre-weekend survey, gender differences in frequency of Internet use (e.g., several times a
day, once a day and so on) was analyzed using chi-squared test. Gender differences in average
time spent on the Internet per day (hrs) and in a single session (e.g., </ hr, I~2 hrs, etc.) were
analyzed using independent t-test and chi-squared test respectively. Proportions of participants
from each gender spending over three hours online per day were compared using chi-squared test.
Chi-squared tests were also used to analyze gender difference in the frequency of use in each
online activity. The numbers of online activities engaged on a weekly basis were compared be-
tween genders using independent t-test. Differences between genotypes of each locus were ana-
lyzed using the same methods for gender comparisons. For the post-weekend survey, both gender
and genotype differences in IAT scores were analyzed using independent t-tests. Effects of inter-
actions between gender and genotypes were also explored. Pearson product-moment correlation
was used to analyze the relationship between IAT scores and time spent on the Internet per day
(recorded in the pre-weekend survey). Statistical significance was defined at an alpha level <0.05.

Hypotheses Testing

We use Bayesian analysis to evaluate fit between observed genetic results and each hypothesis.
The procedure is similar to what Ogino and Wilson (2004) described for risk assessment in genet-
ic counseling and testing. Because no existing consensus has indicated any of the four models
explains Internet overuse better than the others, the prior probabilities (0.25) are equal across
them. The conditional probability for each model is the probability that the observed results occur
if we assume that hypothesis is true. Because there are four independent genetic associations (or
non-associations) with Internet overuse, the conditional probability for each model is calculated
by multiplying the likelihoods of each genetic association assuming that hypothesis is true. The
likelihood for each genetic association is determined based on reviewing previous meta-analyses,
reviews and association studies. For example, under the attention model, individuals carrying the
alleles associated with higher attentiveness have higher risk for Internet overuse. The majority of
studies found DRD4 4R was associated with greater attentiveness compared to 2R and 7R. If our
results reveal that DRD4 4R group scores higher on average in IAT meaning greater risk for In-
ternet overuse, we would assign a likelihood of 0.9 to this association. This method of assigning
likelihoods based on degrees of epistemic confidence in existing data is widely applied (Cooke,
1991; de Elia & Laprise, 2005; Jeffrey, 2004; Siu & Kelly, 1998; Spiegelhalter, Franklin, & Bull,
2013; Vick, 2002; Wacholder, Chanock, Garcia-Closas, El Ghormli, & Rothman, 2004) because
of its advantage in clarifying roles of important but difficult-to-assess factors (Jackman, 2009;
Stephens & Balding, 2009). More information regarding the literature reviewed and how the like-
lihood for each genetic association was determined is provided in the Appendix. The next step of
the Bayesian analysis is the joint probability for each hypothesis, which results from multiplying
the prior and conditional probabilities. The final step of the Bayesian analysis is the posterior
probability, which is calculated by dividing the joint probability for that hypothesis by the sum of
all of the joint probabilities.
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Table 1. Gender and genotype distributions of the participants

Gender groups* Genetic groups

DRD4 DRD2 COMT 5-HTTLPR
Female Male 4Ri4R PROTTR om0 A HIH L ) s/s
carriers carriers carriers carriers
Number (%) of participants who 39 33 38 31 38 35 23 50 52 21
completed the pre-weekend survey (54%) (46%) (55%) (45%) (52%) (48%) (32%) (68%) (71%)  (29%)
Number (%) of participants who 32 25 27 26 31 26 17 40 41 16
completed both surveys (56%) (44%) (51%) (49%) (54%)  (46%) (30%) (70%) (72%)  (28%)

*One participant did not indicate his or her gender in the pre-weekend survey and did not come back for the post-weekend survey
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Results

Seventy-three participants consisting of fifty-eight undergraduate students (80%), fourteen gradu-
ate students (19%) and one university staff (1%), with an average age of 21.7 (SD=4.1) complet-
ed the initial enrollment, the pre-weekend survey, and donated their DNA samples on the AFK
Friday. On the following Monday, fifty-seven participants consisting of forty-five undergraduate
(79%), eleven (19%) graduate students and one university staff (1%) returned, handed in their
logbooks, and completed the post-weekend survey. The only university staff was kept in the sam-
ple because the inclusion did not lead to substantial changes to the following analyses and con-
clusions. Chi-squared tests showed that the participants who returned on Monday shared the same
gender and genotype distributions with the participants at the initial enrollment on Friday (Table
1. gender: ¥ *(1, n=129)=0.05, p=0.820; DRD4:  *(1, n=122)=0.21, p=0.651; DRD2: % X(1,
n=130)=0.07, p=0.792; COMT: % (1, n=130)=0.04, p=0.837; 5-HTTLPR: % *(1, n=130)=0.01,
p=0.930).

Table 2. Internet use patterns among college students and gender difference.

All Female Male
(N=73*)  (n=39)  (n=33) p
¢ Average time spent on the Internet per day
(hrs) 38+20 36+20 42+21 0.160
¢ Percent of participants:
. . o
spending over three hours online on averageg:; 45% 41% 529 0373
spending over one hour online on average in a 70% o o
single session 64% 76% 0.287
¢ Frequency of use for each online activity:
Use search engines for information 100% 100% 100% NA
Check social networking sites 89% 87% 91% 0.616
Read news online 82% 74% 91% 0.069
Watch TV shows or movies 74% 74% 73% 0.876
Chat with others online 1% 72% 70% 0.845
Search and buy songs or music online 37% 26% 48% 0.044
Download TV shows or movies 33% 13% 55% <0.001
Play social network games 29% 28% 30% 0.845
Video chat with others 21% 21% 21% 0.942
Shop online 21% 13% 30% 0.069
Play online multiplayer video games 16% 3% 33% <0.001
Write online blogs 4% 5% 3% 0.657
e Number of types of online activities on a weekly
basis 69+20 6.2%17 7.6%x22 0.003

*Seventy-two participants provided their gender information

Pre-weekend Survey

Almost all participants (99%) used the Internet multiple times per day, with an average total time
of 3.8 hrs (SD=2.0). Seventy percent of the participants indicated the average time spent on the
Internet in a single session was over one hour. Frequency of use for the twelve online activities
varied from using search engines for information (100%) to writing online blogs (4%) (Table 2).
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Five prevalent activities, mainly ones dealing with communication (e.g., using social networking
sites) and information (e.g., using search engines), had frequency of use over 70%. The rest,
mainly forms of entertainment (e.g., online gaming and shopping), had frequency of use less than
40%.

Thirty-three males (46%) and thirty-nine females (54%) completed the pre-weekend survey. Our
results showed that on average the males spent 4.2 hrs (SD=2.0) and the females spent 3.6 hrs
(SD=2.0) on the Internet per day, t(70)=1.42, p=0.160. Most males (76%) and females (64%)
spent more than one hour on the Internet on average in a single session and no significant differ-
ence was found between genders, y *(1, n=72)=1.14, p=0.285. The males participated in more
types of online activities on a weekly basis (7.6, SD=2.2) than the females (6.2, SD=1.7),
t(70)=3.08, p=0.003. Comparisons of the frequency of use in three online activities showed sig-
nificant gender differences: more males than females searched and bought songs or music online
(48% vs. 26%: 1 *(1, n=72)=4.04, p=0.044), downloaded movies/shows (55% vs. 13%:; x (1,
n=72)=14.32, p<0.001), and played online multiplayer video games (33% vs. 3%; 3 *(1,
n=72)=12.19, p<0.001).

When using average daily time spent on the Internet as a proxy for the severity of Internet over-
use, male (52%) and female (41%) participants were equally likely to spend more than three
hours online per day, y *(1, N=72)=0.79, p=0.373. The validity of this proxy was justified later by
the positive correlation between IAT scores and daily time spent on the Internet.

Four genetic loci (DRD4, DRD2, COMT and 5-HTTLPR) were screened and their genotypes
were compared to participants’ responses in the pre-weekend survey. None of the loci were asso-
ciated with time spent on the Internet per day (DRD4: t(67)=0.62, p=0.536; DRD2: t(71)=0.83,
p=0.409; COMT: t(71)=0.30, p=0.762; S-HTTLPR: t(71)=0.91, p=0.366). More participants from
the DRD4 4R group (79%) spent over an hour on the Internet in a single session compared to the
2R/7R group (58%), 3 (1, n=69)=3.52, p=0.061. Participants with homozygous COMT H alleles
participated in more types of online activities on a weekly basis (7.6, SD=2.1) than the L allele
carriers (6.6, SD=2.0), t(71)=2.00, p=0.049. Frequency of use for “search and buy songs or music
online” was higher among participants with homozygous COMT H alleles (57%) than the L allele
carriers (28%), % *(1, n=73)=5.50, p=0.019.

None of the loci were associated with the likelihood of spending more than three hours online per
day (DRD4: y (1, n=69)=0.20, p=0.652; DRD2: y *(1, n=73)=1.77, p=0.184; COMT: y (1,
n=73)=0.66, p=0.417; 5-HTTLPR: y *(1, n=73)=0.61, p=0.434). When analyzed by gender, more
male participants in the DRD4 4R group (67%) spent more than three hours online than the
2R/7R group (31%), 3 (1, n=31)=3.89, p=0.049. But this was not found among female partici-
pants (36% vs. 43%, x*(1, n=37)=1.05, p=0.306).

Post-weekend Survey

Among the fifty-seven participants who returned for the post-weekend survey, fifty-six partici-
pants (99%) completed the IAT with an average score of 31.5 (SD=9.3). No participants were
categorized as users with significant problems (IAT>80), while two (4%) were categorized as
users with occasional problems (50<IAT<80). Analysis showed IAT scores correlated positively
with average time spent on the Internet per day (r=0.29, n=56, p=0.030).

The male participants scored an average of 32.6 (SD=8.0) in the IAT, similar with female’s 30.7
(SD=10.2), t(54)=0.78, p=0.439. Comparisons between the genotypes of DRD2 (30.6 vs. 32.3)
and COMT (31.2 vs. 32.2) revealed no significant differences in IAT scores (DRD2: t(54)=0.69,
p=0.495; COMT: t(54)=0.39, p=0.700). The DRD4 4R group (35.1, SD=9.8) scored significantly
higher than the 2R/7R group (27.8, SD=7.3) in the IAT, t(50)=3.00, p=0.004 (Figure 1). When
analyzed by gender, the females in DRD4 4R group (34.9, SD=10.2) scored significantly higher

182



Sun, Spathis, Sankaranarayanan, Chan, & Lum

than the 2R/7R group (26.2, SD=8.1), t(28)=2.52, p=0.018. The males in DRD4 4R group (35.3,
SD=9.6) also scored higher than the 2R/7R group (29.6, SD=6.3) but the difference was not sta-
tistically significant, t(20)=1.69, p=0.107. The males with homozygous 5-HTTLPR s alleles (39.0,
SD=9.8) scored higher in the IAT than the 1 allele carriers (31.0, SD=6.8), t(22)=2.14, p=0.043.
But this was not found in females (t(30)=0.50, p=0.624). Overall, participants with homozygous s
alleles (34.1, SD=10.9) scored higher than I allele carriers (30.5, SD=8.5), but the difference was
statistically non-significant, t(54)=1.34, p=0.185.

DRD4 DRD4 5-HTTLPR 7 5-HTTLPR
4R/4R 2R or 7R carriers | carriers /% s/s

33.1 333 34.9
29.6
27.8
26.2

All Male Female Al Male Female
p=0.004 p=0.107 p=0.018 p=0.185 p=0.043 p=0.624

Average IAT score
= - N N w w 3 S w
o v o (0] o v o (V] o

(%]

0

Figure 1. Comparison of Internet Addiction Test (IAT) score (mean and standard devia-
tion). Left: DRD4 homozygous 4R carriers vs 2R or 7R carriers. Right: S-HTTLPR long
allele carriers vs homozygous short allele carriers.

Hypotheses Testing

The Bayesian analysis (Table 3) showed that the four hypotheses varied in their levels of agreea-
bleness with the observed results. The best-fit hypothesis was based on the attention model
(69.8%), whereas hypotheses based on the harm-avoidance (21.6%), the novelty-seeking (7.8%)
and the addiction models (0.9%) received little support.

Discussion

Using the Bayesian analysis, the present study evaluated four hypotheses regarding how four ge-
netic loci (DRD4 exon 3 VNTR, DRD2 TaqlA, COMT Vall58Met and 5-HTTLPR length poly-
morphisms) were linked to Internet overuse through one of the four behavioral processes: addic-
tion, attention, novelty-seeking and harm-avoidance. The existing knowledge on the genetic asso-
ciations with those behavioral processes were used to provide valuable insights into Internet
overuse, as well as developing tentative hypotheses for future investigations.
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Table 3. Use of Bayesian analysis to evaluate four hypotheses linking Internet overuse and
its genetic contributions. Each hypothesis was based on existing knowledge of genetic
predispositions to addiction, attention, novelty-seeking and harm-avoidance.

Hvpothesis Prior prob- Likelihood for Conditional Joint Posterior
yp ability each association probability  probability probability
DRD4 0.1
vy DRD2 0.1
Addiction 0
0.25 COMT 0.5 0.0025 0.000625 0.9%
5-HTTLPR 0.5
DRD4 0.9
: DRD2 0.5
Attention 2 202 2 69.89
0.25 COMT 0.9 0.2025 0.050625 %o
5-HTTLPR 0.5
DRD4 0.1
Novelty- DRD2 0.9
seekin)g(; 0.25 COMT 05 0.0225 0.005625 7.8%
5-HTTLPR 0.5
DRD4 0.5
Har[n- 0.25 DRD2 0.5 0.0625 0.015625 21.6%
avoidance . COMT 0.5 . . 070

5-HTTLPR 0.5

Note. An equal prior priority of 0.25 (1/4) was assigned to all hypotheses because of their equal
likelihood to be supported or rejected by the Bayesian analysis. Likelihood for each genetic asso-
ciation was determined based on a summary of existing literature (see the Appendix) on the con-
nection between a genetic marker (e.g., DRD4) and a behavioral process (e.g., addiction).

Addiction and Internet Overuse

There has been an ongoing debate on whether Internet overuse should be categorized as an addic-
tive disorder similar to substance and behavioral addictions. Under our hypothesis based on the
addiction model, the same genetic variants (DRD4 2R and 7R, DRD2 A1) resulting in higher risk
in addiction would also lead to higher risk in Internet overuse. According to the Bayesian analysis,
this hypothesis was the least consistent (0.9%) with the observed results. Beyond suggesting In-
ternet overuse is not an addiction, this finding also disputes the way studies have been conducted
on Internet overuse.

Many studies on Internet overuse consider Internet use as an uncompounded behavior regardless
of the variety of online activities. This is reflected in the way we assess the severity of Internet
overuse — usually by total time and frequency of Internet use, degree of positive feelings when
using the Internet as well as negative feelings when Internet becomes unavailable, or repercus-
sions on personal lives resulting from Internet overuse. These criteria are similar to how addic-
tions are defined and diagnosed. Young (1998b) developed the first version of IAT by adopting
and modifying the DSM-IV criteria for pathological gambling. However, the way users interact
with the Internet is activity-dependent and can be more complex than addictive disorders. For
instance, within online gaming, games from different genres manifest different potentials for
overuse (M.-S. Lee et al., 2007). Therefore, it might be erroneous to look for a single explanation
for the obsessions with all online activities. Future studies should treat the Internet as a platform
where different online activities take place and investigate each specific activity with strong em-
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phases on their different psychological engagements and social impacts. For instance, online
gambling may provide a preferable test ground for the addiction model because of its resem-
blance of traditional gambling and great addictiveness due to its flexibility and easy accessibility
(Griffiths & Barnes, 2008).

Inattention and Internet Overuse

Under the hypothesis based on the attention model, we expected that the attentiveness associated
with DRD4 4R and 5-HTTLPR short alleles would enable their carriers to stay focused during
Internet use for longer periods compared to others whose usage patterns were of shorter durations
and often disrupted by their inattentiveness and hyperactivity. According to the Bayesian analysis,
this hypothesis was the most consistent (69.8%) with the observed results.

Unlike substance addictions such as tobacco addiction and alcoholism, Internet overuse is quite
time-consuming and thus requires sustained attention. This is supported by the positive correla-
tion between IAT scores and daily time spent on the Internet in our results. The attention model is
further supported by additional evidence: more male participants in the DRD4 4R group spent
more than three hours a day on the Internet than the 2R/7R group while no such difference was
found in females. Compared to females, males are more likely to play online multiplayer video
games which is one of the most time-consuming and attention-requiring online activities. Com-
pared to females, time spent on the Internet by male participants is more likely to be reduced by
the presence of 2R or 7R alleles which are associated with increased inattentiveness and hyperac-
tivity.

The attention model also circumvented the methodological problem mentioned earlier. Unlike the
addiction model, it is reasonable to study Internet overuse without considering specific online
activities under the attention model, because the attentiveness is essential to excessive and obses-
sive use of many online activities such as online gaming, shopping, and social networking. In
other words, sustained attention contributes almost universally to the basis of Internet overuse
regardless of the types of online activities.

Jensen et al. (1997) proposed that ADHD-related traits such as increased motor activity and hy-
peractivity might be beneficial under a hunter-gatherer lifestyle because of their increased effec-
tiveness in foraging and spotting of new opportunities as well as dangers. These traits would be
less maintained and selected against in a sedentary agricultural society which values sustained
attention and patience (Eisenberg et al., 2008). Following this logic, frequencies of the alleles
(DRD4 4R, 5-HTTLPR short) associated with increased attentiveness should be higher in popula-
tions that adopted agriculture early. East Asia (e.g., China) was one of the independent centers of
origin of agriculture (Fuller, 2007). East Asian populations nowadays have the highest frequency
of 5S-HTTLPR short allele (Gelernter et al., 1999) and second highest frequency of DRD4 4R al-
lele (Chang et al., 1996) in the world. This may partly explain the high rates of Internet overuse
reported in this region and early official recognitions of Internet related problems in China and
South Korea.

Novelty-seeking, Harm-avoidance, and Internet Overuse

Both novelty-seeking and harm-avoidance are important personality dimensions of human tem-
perament. The Bayesian analysis showed that neither of the two models was supported strongly
by the observed results. One possible explanation comes from the assumptions imbedded in the
hypotheses. We assumed that the Internet was a place full of novel incentives attracting curious
individuals and that the Internet offered the cautious and shy ones a safe and socially comfortable
environment. The failure to support the hypotheses may simply reflect flaws in the assumptions.
People spending excessive time on the Internet may be driven by factors beyond novelties, for
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example, rewards, and feelings that are less accessible in the offline world (Boyle, Connolly, &
Hainey, 2011; H. Wang & Sun, 2011). Moreover, there has been an increase of problems associ-
ated with Internet use, such as privacy theft and cyberbullying ,which greatly challenge the notion
of the Internet as a risk-free world.

It is worth noting that none of the genetic associations with either novelty-seeking or harm-
avoidance personality was supported strongly by the previous studies. Due to a lack of meta-
analysis and review studies regarding some of the relationships, it is possible that true associa-
tions were falsely neglected and the assigned conditional probabilities were unrealistic. Future
studies should reexamine the two hypotheses when more information on genetic contributions to
these personalities becomes available.

Internet Use in College

The present study is the first one to our knowledge that has considered average time spent on the
Internet in a single session as part of its survey matrix. The majority of the participants stayed
online for an average of over one hour before they went offline. This suggests that both frequency
and duration of each session are important in Internet overuse among college students. In contrast,
the duration of each session was not generally emphasized in studies on substance addiction and
pathological gambling.

Despite the high rate of overall Internet use, frequency of use varied greatly across different
online activities. On one hand, five prevalent activities, mainly ones dealing with communication
and information, had frequency of use over 70%. This is probably due to the popularity of social
networking sites among young adults and the increasing incorporation of online teaching and
learning tools in academic settings. The high frequency of use for online movies/shows watching
(74%) may reflect its role as an alternative to or a replacement of traditional TV-viewing which
used to contribute to a large portion of the leisure activities among college students (Suminski,
Petosa, Utter, & Zhang, 2002). On the other hand, other online activities, mainly forms of enter-
tainment, had frequency of use less than 40%. The low frequencies of use may result from abun-
dant options in online entertainment (Vogel, 2007) and freedom to choose according to one’s in-
terest.

Gender and Internet Use

Compared to the females, the males in the present study participated in more types of online ac-
tivities on a weekly basis than the females, a likely result of their more positive attitude towards
Internet use. Comparisons of frequency of use in three online activities showed significant gender
differences: more males than females searched and bought songs or music online, downloaded
movies/shows, and played online multiplayer video games. This is consistent with the previous
findings that males were more entertainment oriented online than females. It is worth noting that
the social network games revealed similar frequencies of use between genders. Unlike multiplay-
er online games, social network games often incorporated communication features (Wohn, Lee,
Sung, & Bjornrud, 2010), which potentially attract female users. Although we did not ask the par-
ticipants about the legitimateness of their downloads, the higher likelihood of seeking illegal
online materials among males reported by Fortson et al. (2007) may explain why more males
downloaded movies/shows in our study. Previous studies have also reported females were more
communication oriented and males were more information oriented online when using the Inter-
net. According to our study, males and females were equally involved in activities with commu-
nicative and informational purposes. The popularity of social networking sites and the frequent
use of emails and search engines for both academic and living purposes may lead to similar levels
of involvement in both genders.
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Conclusions

Although we all call it the Internet, this global system of interconnected computer networks holds
different meanings to different people; for some, it is a basic tool for everyday life, for others, it
offers a whole other world, virtual but also real. Every user of the Internet is conducting their own
experiments by exposing themselves to a multitude of online options, picking out the ones that
interest them the most, and pursing them at their own pace. Whether those decisions are influ-
enced by factors like childhood experience, family history, or social economic status is worth ex-
ploring in future studies. The findings of the present study demonstrate that the overall use of the
Internet is greatly affected by one’s ability to sustain attention. Carriers of the alleles associated
with decreased attentiveness (DRD4 2R and 7R, 5-HTTLPR long) are protected from Internet
overuse. It is worth noting that these protective alleles for Internet overuse, however, are associ-
ated with higher risk in both substance and behavioral addictions. Thus, the genotypes that pre-
dispose an individual to addiction and to Internet overuse are mutually exclusive. It is as yet un-
clear if this situation will persist. As more and more people access the Internet via smartphones
and tablets, Internet services including mobile apps and games are increasingly designed for in-
stant feedback and gratification. Wearable technologies such as Apple Watch and Google Glass
are making technology and the Internet less obtrusive, more personal, and seamless to use. There-
fore, the lure of Internet overuse may soon include apps and gadgets requiring shorter durations
but at much higher frequencies. In the near future, genetic-linked inattentiveness might no longer
protect users from Internet overuse. Furthermore, developers are becoming increasingly aware of
the importance of neuropsychology in app/game design including defining different groups of
target audience and their susceptibilities. As both the number and genres of apps/games as well as
their neuropsychological pathway targets proliferate at an astonishing speed, everyone might soon
be at risk for Internet overuse, despite our genotypes.
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Appendix

Supplementary Material #1: Internet Addiction Test (IAT) developed by Kimberly
Young (1998)

Please answer the following questions using this scale:

a.

1

2.

9.

10

11

12

13

14.

15.

16.

17.

18.

19.

20.

Rarely b. Occasionally c. Frequently d. Often e. Always f. Does Not Apply

. How often do you find that you stay on-line or play longer than you intended?

How often do you neglect household chores to spend more time on-line?

. How often do you prefer the excitement of the Internet to intimacy with your partner?

. How often do you form new relationships with fellow on-line users?

. How often do others in your life complain to you about the amount of time you spend on-line?

. How often do your grades or school work suffer because of the amount of time you spend on-line?
. How often do you check your e-mail before something else that you need to do?

. How often does your job performance or productivity suffer because of the Internet?

How often do you become defensive or secretive when anyone asks you what you do on-line?

. How often do you block out disturbing thoughts about your life with soothing thoughts of the Internet?
. How often do you find yourself anticipating when you will go on-line again?

. How often do you fear that life without the Internet would be boring, empty, and joyless?

. How often do you snap, yell, or act annoyed if someone bothers you while you are on-line?

How often do you lose sleep due to late-night log-ins?

How often do you feel preoccupied with the Internet when off-line, or fantasize about being on-line?
How often do you find yourself saying "just a few more minutes" when on-line?

How often do you try to cut down the amount of time you spend on-line and fail?

How often do you try to hide how long you've been on-line?

How often do you choose to spend more time on-line over going out with others?

How often do you feel depressed, moody or nervous when you are off-line, which goes away once you

are back on-line?
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Supplementary Material #2: Additional information on studies reviewed and
determination of the likelihood for each association.

Hy Likelihood
i . . . . Observed results  for each
poth- Studies reviewed Summary of the studies reviewed X R
esis in our study associa-
tion
. . DRD4: 4R allele
Comings et al. 1999; Studies revealed strong evidence that was associated
McGeary 2009t; DRD4 2R and 7R were associated with with Internet over 0.1
Le Foll et al. 20091. higher risks for addiction compared to 4R. use
Comings et al. 1996; Noble 2000%; Studies revealed strong evidence that DRD2: not associ-
Dick and Foroud 2003t; Noble 2003%; DRD2 A1 was associated with higher risks ated with Internet 0.1
Le Foll et al. 2009%. for addiction compared to A2. overuse
Addic- Vandenbergh et al. 1997; Kreek et al. Results of the studies were mixed and )
tion 2005%; . K . COMT: not associ-
’ . inconsistent: each of the alleles was asso- . %
Hosak 2007t; Kéhnke 2008t; iated with addiction: tudies failed ated with Internet 0.5
Tammimaki & Mannist6 2010%; Ducci & clated with addic Io.n,.some studies fafle overuse
Goldman 2012+, to detect any associations.
Dick and Faroud 20031%; Feinn et al. Most studies focused on alcoholism. In 5-HTTLPR: short
;?95:; Sterlrezt(t)'oit ?(l"‘rznoﬁmz;oow general, results were mixed and incon- allele was associat-
eich et al. , Kkohnke H . . .
Verdejo-Garcia et al. 2008; sistent: each of the alleles was associated ed with Internet 0.5*
van der Zwaluw et a.I. 2010;,Merenéikk with higher risks for addiction; some stud- overuse only in
etal. 2011. ies failed to detect any associations. males
Faraone et al. 2001%; Szekely et al. 2004;
Faraone et al. 2005%; Studies revealed strong evidence that DRD4: 4R allele
Leung et al. 2005; Khan et al. 2006t; DRD4 2R and 7R were associated with was associated 0.9
Bobb et al. 2006; Li et al. 2006%; inattention and higher risks for ADHD with Internet over- ’
Gizer et al. 2009%; Kebir & Joober 20117; compared to 4R. use
Wu et al. 2012%.
Results of the studies were mixed and
Faraone et al. 2005%; inconsistent: each of the alleles was asso- DRD2: not associ-
Bobb et al. 2006T; . . . . . %
ADHD Gizer et al. 2000t ciated with higher risks for ADHD; meta- ated with Internet 0.5
(inat- Wu et al. 20124, ’ analyses failed to draw definitive conclu- overuse
ten- sions.
: . Studies revealed strong evidence that .
tion) Faraone et al. 2005%; rone COMT: not associ-
Hosék 20077; there was no association between COMT ated with Internet 09
Gizer et al. 2009%; Val158Met polymorphism and risks for ’
Lassen et al. 2014t. ADHD. overuse
5-HTTLPR: short
Manor et al. 2001; Bobb et al. 2006t; Studies revealed strong evidence that allele was associat-
Kent et al. 2002%; Curran et al. 2005; SHTTLPR long allele was associated with ed with Internet 0.5*
Faraone et al. 2005%; Gizer etal. 2009.  ADHD compared to the short allele. overuse only in
males
Ebstein et al. 1996; Noble et al. 1998;
Bau et al. 1999; Hill et al. 1999; To- Although several studies linked DRD4 7Rto  or /o 0
mitaka et al. 1995; Lusher et al. 2001%; novelty-seeking, strong evidence emerged L
Kluger et al. 2002%; . was associated
7 from reviews and meta-analyses that DRD4 X 0.1
Schinka et al. 2002%; Burt et al. 2002; . with Internet over-
Savitz et al. 2004+: exon 3 VNTR polymorphism was not asso- use
Szekely et al. 2004; Tsai et al. 2004; ciated with novelty-seeking.
Kreek et al. 20057; Ebstein 2006.
Noble et al. 1998; de Brettes etal. 1998, Ajthough few studies linked DRD2 Al to
Novel-  Hilletal. 1999; . novelty-seeking, strong evidence emerged ~ DRD2: not associ-
Burt et al. 2002; Munafo et al. 2003%; .. . .
ty- Light et al. 2007; from other studies including a meta- ated with Internet 0.9
seeking | .oetal 2007; Kazantseva et al. 2011; analysis that DRD2 Tag1A polymorphism overuse
Tsuchimine et al. 2012. was not associated with novelty-seeking.
Lichtenberg et al. 2004; Tsai et al. 2004;
Reuter & Hennig 2005;
4 - Ki Results of the studies were mixed and .
Hoth et al. 2006 Hosak et al. 2006; Kim ! > COMT: not associ-
et al. 2006; inconsistent: each of the alleles was asso- . %
ated with Internet 0.5
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Golimbet et al. 2007; Hashimoto et al.
2007; Light et al. 2007;

Demetrovics et al. 2010; Calati et al.
2011t,

ciated with novelty-seeking; a few studies
failed to find any associations.
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Samochowiec et al. 2001; Van Gestel et
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Studies revealed strong evidence that 5-

5-HTTLPR: short
allele was associat-

al. 2002; HTTLPR polymorphism was not associated ed with Internet 0.5%
Munafo et al. 2003%; Suzuki et al. 2008. with novelty-seeking. overuse only in
males
Bau et al. 1999; Hill et al. 1999; Munafd Results of the studies were mixed and
et al. 2003%; inconsistent: early studies linked DRD4 4R DRDA4: 4R allele
Szekely et al. 2004; Tsai et al. 2004; with harm-avoidance, while recent studies was associated 0.5*
Serretti et al. 2006; linked 7R with financial risk taking. One with Internet over- ’
Dreber et al. 2009; Kuhnen & Chiao meta-analysis study failed to detect any use
2009. associations.
Results of the studies were mixed: alt-
de Brettes et al. 1998; Hill et al. 1999; hough one meta-analysis found association =~ DRD2: not associ-
Munafo et al. 2003%; Lee et al. 2007; between DRD2 Taq1A polymorphism and ated with Internet 0.5*
Light et al. 2007; Tsuchimine et al. 2012.  harm-avoidance trait, many later studies overuse
Harm- failed to detect any associations.
avoid- Enoch et al. 2003; Lichtenberg et al. . .
ance 2004; Tsai et al. 2004; .Result§ of the studies were mixed and COMT: not associ-
Smolka et al. 2005; Kim et al. 2006; inconsistent: each of the alleles was asso- . %
Golimbet et al. 2007; ciated with harm-avoidance; some studies ated with Internet 0.5
Hashimoto et al. 2007; Light et al. 2007; failed to find any associations. overuse
Calati et al. 2011t.
Ebstein et al. 1997; Ricketts et al. 1998;
Osher et al. 2000; 5-HTTLPR: short
Samochowiec et al. 2001; Van Gestel et Studies revealed strong evidence that allele was associat-
al. 2002; Munafd et al. 2003%; there was no association between 5- R
ed with Internet 0.5*

Sen et al. 2004%; Schinka et al. 2004%;
Szekely et al. 2004;

Ebstein 20061; Kuhnen and Chiao 2009;
Munafo et al. 2009%.

HTTLPR length polymorphism and harm-
avoidance.

overuse only in
males

T Review studies

f Meta-analyses

* A likelihood of 0.5 was assigned when 1) previous studies revealed mixed and inconsistent findings regard-
ing the relationship between the gene and the behavioral process; 2) significant results were only observed in
one gender but not the other or in the overall population (i.e. 5SHTTLPR length polymorphism)
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