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Increase of orexin A in the peripheral blood of adolescents with Internet
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Background and aims: Overindulgence in Internet gaming, which is related to rapid development of the online game
industry, can cause a psychiatric disorder known as Internet gaming disorder (IGD). The number of adolescents with
IGD is on the rise in countries with developed Internet technologies, such as South Korea. Therefore, it is important to
develop biomarkers to detect patients at high risk of IGD. This study investigated expression levels of proteins in the
blood of adolescents to provide insight into the development of biomarkers. Methods: We collected blood samples
from 73 subjects [40 healthy adolescents (Internet gaming control, IGC) and 33 adolescents with IGD] between
13:00 and 15:00. We analyzed the expression levels of orexin A, oxytocin, cortisol, melatonin, BDNF, sICAM-1,
RANTES, and NCAM using multiplex assay kits. Results: Orexin A was significantly (p =.016) elevated in the IGD
group and the expression levels of melatonin tended to be higher (p =.055) in the IGD group. On the other hand,
increased Internet gaming time in the IGD group was negatively correlated (p = .041) with expression of BDNF. On the
contrary, SICAM-1 associated with inflammation exhibited the tendency of the positive correlation (p =.073) with
Internet gaming time in the IGD group. Discussion and conclusions: We identified elevation of orexin A in the
peripheral blood of adolescents with IGD and a negative correlation between Internet gaming time and BDNF in
adolescents with IGD. Our results provide useful information to understand the pathophysiology of IGD in adolescents.
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INTRODUCTION

As the Internet continues to develop rapidly, the online
gaming industry also continues to grow. As Internet games
become popular, overindulgence in Internet games may
cause social problems, such as increased crime and signifi-
cant impairments at school and work (Widyanto & Griffiths,
2006; Young, 2004). Overuse of Internet games also causes
depression, anxiety disorders, and cognitive impairments
and is considered a psychiatric disease termed Internet
gaming disorder (IGD; Aydm & San, 2011; Dalbudak
etal., 2013; Kuss, Griffiths, Karila, & Billieux, 2014; Wang,
Cho, & Kim, 2018). Overuse of Internet gaming by ado-
lescents is prevalent in countries with developed Internet
technologies, including South Korea (Kuss et al., 2014,
Moreno, Jelenchick, Cox, Young, & Christakis, 2011;
Miiller, Glaecsmer, Brihler, Woelfling, & Beutel, 2014). As
a result, adolescents in these countries are more likely to be
exposed to circumstances that can lead to IGD. IGD is
currently described in Section III of the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5; American Psychiatric Association, 2013). In
addition, the World Health Organization (WHO, 2018)
added gaming disorder, including digital or video gaming,
to the addictive disorders section of its new International
Classification of Diseases (ICD-11) in 2018.

Adolescence is a period in which important maturational
rearrangements occur in hormonal and brain systems
(Izenwasser, 2005). Studies have shown that adolescents
with IGD exhibit low functional connectivity in the brain
(Chun, Choi, Cho, Lee, & Kim, 2015; Du etal., 2017; Kang,
Jung, Park, & Han, 2018; Lubman, Cheetham, & Yucel,
2015; Qi et al., 2015), so overexposure to Internet gaming
during this period may negatively affect neurotransmitter
systems, structure and functional connectivity in the brain,
as well as the expression of hormones and neuropeptides in
the peripheral blood. Furthermore, these negative effects
could induce emotional and behavioral changes that conti-
nue into adulthood. Recently, some studies have found a
strong correlation between Internet game addiction and
psychological problems including depression and anxiety
in adolescents with IGD (Boyer & Dickerson, 2003; Kuss &
Griffiths, 2012; Torres-Rodriguez, Griffiths, Carbonell, &
Oberst, 2018). Neuroimaging analysis has revealed that
adolescents with IGD exhibit not only alteration of gray
matter volume (Pan et al., 2018), but also reduced activation
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of the orbitofrontal cortex associated with cognitive control
(Chun et al., 2015), providing additional evidence that
Internet game addiction may impact the structure and
function of the brain. Another study found that polymorph-
isms related to dopamine genes are associated with exces-
sive Internet game play in adolescents, suggesting that
genetic background may also be a risk factor for occurrence
of IGD in adolescents (Han et al., 2007). Recently, our team
documented that three micro RNAs (hsa-miR-200c-3p, hsa-
miR-26b-5p, and hsa-miR-652-39), which serve as epige-
netic regulators, are downregulated in adolescents with IGD,
providing insight into the pathophysiology of IGD (Lee
et al., 2018). Although IGD in adolescents has very impor-
tant clinical and social aspects, and attempts to develop
biomarkers for IGD are progressing gradually, the patho-
physiology of IGD is poorly understood and there is still no
definitive biomarker for the diagnosis or treatment of IGD.

Orexin A, a neuropeptide that originates from the hypo-
thalamus and perifornical area, is involved in appetite
regulation (Sakurai et al., 1998) and mediation of diverse
behaviors including drug-seeking, stress, depression, anxi-
ety, and eating (Bonnavion, Jackson, Carter, & de Lecea,
2015; Connor et al., 2017; Sweet, Levine, Billington, &
Kotz, 1999). According to previous studies, activation of the
lateral hypothalamus orexin neurons reinstates drug-seeking
behavior such as conditioned preference related to cocaine
or morphine and orexin knockout in rodents decreases
cocaine-seeking behaviors (Harris, Wimmer, & Aston-Jones,
2005; Steiner et al., 2018). These studies suggest that the
orexin system may be responsible for driving the motivation
and reward circuits associated with drug addiction. Based on
the observation that the orexin system is associated with drug
addiction, investigation is needed to ascertain if this system is
also correlated with behavioral addictions like IGD. Oxytocin
is a neurohormone that is produced in the hypothalamus and
affects learning, memory, reward, and stress (Lee, Rohn,
Tanda, & Leggio, 2016). Previous studies have found
that short-term use of cocaine increases oxytocin (Johns,
Caldwell, & Pedersen, 1993), but long-term use of cocaine
decreases oxytocin (Sarnyai & Kovacs, 1994) in the rat
hippocampus. Another study found that levels of oxytocin
in the blood decreased in alcoholics, as well as a group
with acute alcohol administration (Lynn, 1970; Marchesi,
Chiodera, Brusamonti, Volpi, & Coiro, 1997). Overall, these
findings suggest that changes in the expression of oxytocin
may vary according to the drug or situation.

Melatonin is known to control pleiotropic signaling
pathways and biological rhythms (Onaolapo & Onaolapo,
2018). Modulation of melatonin has been reported to change
behaviors and physiological functions in substance addic-
tion, including drug and alcohol addiction (Takahashi,
Vengeliene, & Spanagel, 2017; Vengeliene, Noori, &
Spanagel, 2015). In contrast, a recent in vitro study revealed
that melatonin has a protective effect on normal cells but
induces apoptosis in tumoral trophoblast cells, indicating
that the function of melatonin can vary according to cir-
cumstances (Sagrillo-Fagundes, Bienvenue-Pariseault, &
Vaillancourt, 2019). Cortisol, a steroid hormone, is released
by activation of the hypothalamic—pituitary—adrenal axis in
response to stress or hypoglycemia (Yiallouris et al., 2019).
Previous studies have reported that cortisol levels are
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elevated in the saliva of pathologic online game users and
in the blood of adolescents with IGD, suggesting that
cortisol secretion may be associated with Internet gaming
addiction (Hebert, Beland, Dionne-Fournelle, Crete, &
Lupien, 2005; Kim & Kim, 2013; Kim et al., 2019).
However, there is not yet enough evidence that the afore-
mentioned proteins are associated with addiction, so it is
important to investigate whether these proteins are related to
behavioral addiction such as IGD.

Brain-derived neurotrophic factor (BDNF) regulates
neurotransmitter release, neurogenesis, synaptic plasticity,
as well as axonal and dendritic morphology (Chao, 2003;
Kowianski et al., 2018). In addition, BDNF has been
reported to be associated with the development and mainte-
nance of addictive disorders (Corominas, Roncero, Ribases,
Castells, & Casas, 2007). It has been reported that BDNF
expression is changed in substance addiction including
alcohol and drug addictions (Fumagalli, Di Pasquale,
Caffino, Racagni, & Riva, 2007; Garcia-Marchena et al.,
2017; Xu et al., 2019). According to a systematic review
and meta-analysis by Ornell et al. (2018), the expression
levels of serum BDNF are reduced in active drug users
(e.g., alcohol and cocaine). Conversely to substance addic-
tion, pathological gambling disorder (PGD), a behavioral
addiction, has been associated with an increase in serum
BDNF expression (Angelucci et al., 2013; Choi et al., 2016;
Geisel, Banas, Hellweg, & Muller, 2012). A recent pilot
study investigating BDNF serum levels in male patients
with IGD and normal male controls showed that BDNF
expression levels did not differ between the IGD and control
groups (Geisel, Banas, Schneider, Hellweg, & Muller,
2013), showing the necessity for further investigation of
the association between BDNF expression and IGD. Soluble
intracellular adhesion molecule-1 (sICAM-1), a circulating
form of membrane-bound ICAM-1, has been reported to be
elevated in inflammatory neurological diseases and myo-
cardial infarction (Baraczka et al., 2001; Kraus et al., 1998;
Ridker, Hennekens, Roitman-Johnson, Stampfer, & Allen,
1998). Individuals using alcohol or nicotine show chroni-
cally elevated SICAM-1 in the blood (Bergmann, Siekmeier,
Mix, & Jaross, 1998; Bermudez, Rifai, Buring, Manson, &
Ridker, 2002; Sacanella et al., 1999). Therefore, expression
changes of SICAM-1 may signal inflammatory circum-
stances vulnerable to impairments in the brain and other
tissues. RANTES, also known as CC chemokine ligand 5, is
a chemoattractant for inflammatory cells (Veillard et al.,
2004), and upregulation of RANTES is associated with
inflammation in various tissues (Mikolajczyk et al., 2016;
Mohs et al., 2017; Zhou et al., 2018). Studies have found
that RANTES is elevated in individuals with substance
addiction including alcohol and cocaine (O’Halloran
et al., 2016; Pereira et al., 2011), indicating that RANTES
could be a potential biomarker for diagnosis of substance
addiction. Neural cell adhesion molecule (NCAM) is asso-
ciated with various mechanisms such as cell adhesion,
neurite outgrowth, migration, and synaptic plasticity. Recent
studies have reported that expression levels of the active
form of NCAM (polysalicylated NCAM) or NCAM protein
are changed in people with alcohol and drug addiction such
as morphine and cocaine (Barker, Torregrossa, & Taylor,
2012; Cao, Wang, Li, & Zhang, 2016; Koob, 2003). Thus,
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changes of BDNF, sICAM-1, RANTES, and NCAM are
associated with neurological diseases, particularly substance
addiction. To understand the neuropathological mechanisms
associated with IGD, it is important to assess whether
expression changes of BDNF, sICAM-1, RANTES, and
NCAM are related to Internet gaming addiction.

On the basis of these findings, we hypothesized that
expression changes in neuropeptides (orexin A and oxyto-
cin), hormones (melatonin and cortisol), and proteins
(BDNF, sICAM-1, RANTES, and NCAM) related to neu-
rological diseases may play a crucial role in the pathophysi-
ology of IGD. The belief that expression changes in these
factors in the blood indirectly represent their alterations in
hormonal and brain systems suggests that these alterations
affect development of IGD. In this study, we evaluated
expression levels of eight proteins in the blood of adoles-
cents with IGD and adolescents classified as Internet gaming
controls (IGCs). We identified increased orexin A and a
negative correlation between BDNF and Internet gaming
time in the blood of the IGD group, suggesting their
potential as biomarkers of IGD.

METHODS

Participants

We collected data from 1,700 youth surveys through a
research company (Panel Marketing Interactive Co., Ltd.,
Seoul, Korea). In addition, a survey was conducted in 1,485
students from a single secondary school in Seoul. We
included a notice about this study in the questionnaires. If
students were willing to participate in the study, they were
asked to provide personal and parent contacts. A total of 446
respondents expressed their intention to participate in this
study. When we contacted them to explain the experiment,
obtain parental consent, and to schedule them for the
experiment, there were 369 whose parents refused to agree
to participate in the experiment or were not contacted. Thus,
77 individuals (57 males and 19 females) provided informed

consent for this study. All participants underwent a struc-
tured interview by a qualified clinical psychologist based on
the Korean Kiddie Schedule for Affective Disorders and
Schizophrenia — Present and Lifetime. To evaluate IGD, the
participants underwent an additional interview by the clini-
cal psychologist related to patterns of Internet gaming usage
and problematic usage of Internet gaming according to
the DSM-5 criteria. Among the 77 individuals, 4 were
excluded according to the exclusion criteria. Exclusion
criteria included past or current major medical disorders
(e.g., diabetes mellitus), neurological disorders (e.g., seizure
disorders and head injury), psychiatric disorders (e.g., major
depressive disorder and anxiety disorders), mental retarda-
tion, or any substance abuse (e.g., tobacco, cannabis, and
alcohol). Finally, 73 individuals [40 healthy adolescents
(IGC) and 33 adolescents with IGD] were enrolled in this
study. The general characteristics of the study subjects are
summarized in Table 1.

Measurement

Demographic information. Participants were asked to state
their sex, age, parent education years, socioeconomic status,
and weekly online gameplay time.

IGD Scale. To determine the degree of the problematic
use of Internet games through self-report, the nine “yes or
no” items proposed by Petry et al. (2014) were used. Petry
et al. (2014) composed nine items based on nine diagnostic
criteria for diagnosis of IGD proposed in the DSM-5 and this
has been translated into French, German, Dutch, Chinese,
Japanese, etc., according to WHO’s recommended transla-
tion procedure based on English-language questions. In this
study, the Korean translation was used and Cronbach’s o
was .75.

Perceived Stress Scale. The scale developed by Cohen,
Kamarck, and Mermelstein (1983) was used to assess stress
level. The scale was translated into Korean by Park and Seo
(2010) and consists of questions that assess the degree to
which people perceive their lives as stressful. Subjects
indicate how often they have found their lives unpredictable,

Table 1. Demographic and clinical characteristics of participants

Characteristic IGC (n=40) IGD (n=33) p
Age (years) 15.08 £ 0.24 15.18 +0.31 782
Sex .703
Male 75% (n=30) 78.8% (n=26)
Female 25% (n=10) 21.2% (n=17)
Total education years of parents
Father 1521+£2.43 14.50 +2.56 247
Mother 14.59 +2.07 13.91 +2.99 279
Socioeconomic status 224
High 23 14
Middle 14 14
Low 2 5
Daily Internet gaming hours (hr) 2.10+1.49 435+2.12 .000%**
Stress 23.48 £0.96 28.31+0.76 .000%**
IGD Scale 1.17+0.24 3.46 +0.26 .000***

Note. 1GC: Internet gaming control; IGD: Internet gaming disorder.

***Significant at p <.001.
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uncontrollable, and overloaded in the past month. The scale
contains a total of 14 Likert-type 5-point items. The higher
the total score, the higher the perceived stress level. In this
study, Cronbach’s o was .71.

Blood collection and immunoassay

Blood samples were collected from all participants between
13:00 and 15:00. The samples were kept at room tempera-
ture (RT) for 2 hr to ensure sufficient coagulation of blood
and centrifuged at 1,000 X g for 10 min. The upper phase
containing serum was transferred into a fresh tube and stored
at —80 °C until used for immunoassay. Eight factors related
to inflammation and neurobiology (orexin A, oxytocin,
cortisol, RANTES, BDNF, melatonin, sICAM-1, and
NCAM) were analyzed by using bead-based multiplex assay
kits. This multiplex assay is advantageous in that it is able to
analyze multiple proteins simultaneously and requires a
small number of samples. Secretion levels of orexin A and
oxytocin were analyzed with the Human Neuropeptide
Magnetic Bead Panel (HNCSMAG-35K, EMD Millipore,
Billerica, MA, USA) according to the manufacturer’s
instructions. To extract serum samples, we performed ace-
tonitrile precipitation as follows. After adding 375 pl of
acetonitrile into 250 pl of sample, the mixture was incubated
at RT for 10 min. After the mixture was centrifuged at
17,000 x g for 5 min, 500 pl of supernatant was moved into
a 96-well collecting plate. The samples were vacuum-
dried and reconstituted with 200 pl of assay for use in an
immunoassay. The immunoassay procedure was as follows.
An amount of 200 pl of assay buffer was added into each
plate well and incubated at RT for 10 min. After removing
the assay buffer, 50 pl of standard and 50 pl of assay buffer
were added to the standard and sample wells, respectively.
An amount of 50 pl of the appropriate matrix solution was
added to background and standard wells and 50 pl of
extracted serum samples were added to sample wells. A
portion of 25 pl of primary antibodies was added to each
well and the plate was incubated at RT for 2 hr. After adding
25 pl of beads to each well, the plate was incubated
overnight at 4 °C. The background, standards, and sample
wells were washed with 200 pl of wash buffer and 50 pl of
detection antibodies were added to each well. After incu-
bating at RT for 1 hr, 50 pl of streptavidin—phycoerythrin
was added to each well. The plate was incubated at RT for
30 min. After washing with 200 pl of wash buffer, 150 pl of
sheath fluid was added to each well, and the plate was read on
a Luminex 200TM (EMD Millipore). Secretion levels of
melatonin and cortisol were analyzed with the Human
Circadian/Stress Magnetic Bead Panel (HNDG3MAG-35K,
EMD Millipore). The serum sample extraction procedure
was performed in the same manner as the acetonitrile pre-
cipitation method used in the analysis of orexin A and
oxytocin. The extracted serum samples were diluted 1:4 with
assay buffer prior to use in the immunoassay. The immuno-
assay procedure to measure secretion levels of melatonin and
cortisol was performed in the same manner as the immuno-
assay used to measure secretion levels of orexin A and
oxytocin except for application of diluted (1:4) extracted
samples. Secretion levels of BDNF, sICAM-1, RANTES,
and NCAM were analyzed with Human Neurodegenerative
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Disease Magnetic Bead Panel 3 (HNDG3MAG-36K, EMD
Millipore). Before the immunoassay, serum samples were
diluted 1:100 in the assay buffer. An amount of 200 pl of
assay buffer was added into each well of the plate and
incubated at RT for 10 min. After removing the assay buffer,
25 pl of standard and 25 pl of assay buffer were added to
standard and sample wells, respectively. About 25 pl of the
appropriate matrix solution was added to background and
standard wells and 25 pl of diluted (1:4) serum samples were
added to sample wells. An amount of 25 pl of beads was
added to each well and the plate was incubated overnight at
4 °C. The background, standards, and sample wells were
washed with 200 pl of wash buffer and 25 pl of detection
antibodies were added to each well. After incubating at RT
for 1 hr, 25 pl of streptavidin—phycoerythrin was added to
each well. The plate was incubated at RT for 30 min. After
washing with 200 pl of wash buffer, 100 pl of sheath fluid
was added to each well, and the plate was read on the
Luminex 200TM (EMD Millipore).

Statistical analyses

Statistical analyses were conducted with SPSS 18.0 soft-
ware (SPSS Inc., Chicago, IL, USA) and Graphpad Prism
8 software (San Diego, CA, USA). Comparison of demo-
graphic and clinical variables and eight protein expression
levels between the IGC and IGD groups was performed
using two-sample #-tests and Mann—Whitney U tests for
normally distributed variables and non-parametric variables,
respectively. The Kolmogorov—Smirnov test was performed
to evaluate whether the variables and protein expression
levels were normally distributed. The data were represented
as mean =+ standard deviation for the 7-test and as median
and interquartile distance for the Mann—Whitney U test.
Correlations between expression levels of each protein and
daily Internet gaming hours within each group were ana-
lyzed by Spearman’s correlation coefficients. A p value less
than .05 was considered statistically significant.

Ethics

This study was approved by the International Review
Board of the Catholic University Medical College of Korea
(KCISEISI0103). All participants and their parents gave
written informed consent.

RESULTS

Demographic and clinical characteristics

The characteristics of the participants are presented in
Table 1. There was no significant difference between the
IGC and IGD groups in age, sex, total education years of
parents, or socioeconomic status. Mean daily time playing
Internet games was significantly higher in the IGD group
than the IGC group (p=.000). The level of stress as
measured by a stress scale was significantly higher in the
IGD group than the IGC group (p =.000). The IGD group
had a significantly higher IGD score obtained by self-report
than the IGC group (p =.000).
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Secretion levels of orexin A and oxytocin

To investigate whether expression levels of orexin A and
oxytocin differed between the IGC and IGD groups,
we analyzed the expression levels of the two proteins
in the peripheral blood of each group. The expression
levels of orexin A were significantly elevated in the IGD
group (596.05 +124.87 pg/ml) compared to the IGC
group (666.81 + 138.07 pg/ml; z value =2.405, p=.016;
Figure 1A). When we compared Internet gaming time with
expression levels of orexin A in each group, Internet gaming
time was not significantly correlated with expression
changes of orexin A in either group (IGC: r=-.054,
p=.749; IGD: r=-.046, p =.806; Figure 1B). On the
other hand, although there was no statistically significant
difference in the expression levels of oxytocin between the
IGC and IGD groups, the levels of oxytocin in the IGD
group (134.72 +52.46 pg/ml) tended to be higher than in
the IGC group (110.84 +43.98 pg/ml; z value=1.663,
p =.096; Figure 1C). Internet gaming time was not corre-
lated with oxytocin expression in either group (IGC:
r=.015, p=.929; IGD: r=.215, p =.246; Figure 1D).

Secretion levels of hormones related to circadian rhythm
and stress

We measured secretion levels of melatonin and cortisol,
which are known to affect circadian rhythm and stress, in the
IGC and IGD groups. The expression levels of melatonin
tended to be higher (z value=1.923, p=.055) in the
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IGD group (38.08 +29.35 pg/ml) than the IGC group
(65.12 +58.68 pg/ml; Figure 2A). Internet gaming time
was not correlated with melatonin expression in either group
(IGC: r=-.191, p=.237; IGD: r=-.117, p=.546;
Figure 2B). On the other hand, the expression levels of
cortisol did not differ significantly between the IGC
(126.05 +46.71 ng/ml) and IGD (136.48 +73.49 ng/ml)
groups (z value =0.676, p=.499; Figure 2C). Internet
gaming time was not correlated with cortisol expression in
either group (IGC: r=.020, p=.904; IGD: r=.068,
p =.717; Figure 2D).

Secretion levels of factors related to neurological disease

To investigate whether neurological disease-related proteins
(BDNF, sICAM-1, RANTES, and NCAM) were associated
with Internet gaming addiction, we measured the expression
levels of these proteins in the peripheral blood of IGC
and IGD groups. The expression levels of BDNF did not
differ between the IGC (37.31 +£9.01 ng/ml) and IGD
(35.81 £9.95 ng/ml) groups (z value=-1.164, p =.245;
Figure 3A). Apart from this, Internet gaming time was
significantly negatively correlated with BNDF expression
levels in the IGD group (r = —.370, p = .041), whereas there
was no correlation between Internet gaming time and BDNF
expression in the IGC group (r=-.004, p=.983;
Figure 3B). Expression levels of sSICAM-1 did not differ
between the IGC (128.83+30.78 ng/ml) and IGD
(159.64 +72.47 ng/ml) groups (z value =1.341, p =.180;
Figure 3C). On the other hand, Internet gaming time and
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Figure 1. Expression levels of orexin A and oxytocin in the blood of adolescents. (A) Comparison of the expression levels of orexin A

between Internet gaming control (IGC; n = 38) and Internet gaming disorder (IGD; n = 33) groups. (B) Correlation of orexin A expression

with Internet gaming time within IGC and IGD groups. (C) Comparison of the expression levels of oxytocin between IGC (n = 40) and IGD

(n=33) groups. (D) Correlation of oxytocin expression with Internet gaming time within IGC and IGD groups. *Significant difference
between IGC and IGD groups
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Figure 2. Expression levels of melatonin and cortisol in the blood of adolescents. (A) Comparison of the expression levels of melatonin

between Internet gaming control (IGC; n = 39) and Internet gaming disorder (IGD; n = 29) groups. (B) Correlation of melatonin expression

with Internet gaming time within the IGC and IGD groups. (C) Comparison of the expression levels of cortisol between IGC (n = 40) and
IGD (n=32) groups. (D) Correlation of cortisol expression with Internet gaming time within IGC and IGD groups
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Figure 3. Expression levels of BDNF, sSICAM-1, RANTES, and NCAM in the blood of adolescents. (A, C, E, and G) Comparison of
expression levels of BDNF (IGC, n=40; IGD, n =33), sSICAM-1 (IGC, n=39; IGD, n=32), RANTES (IGC, n=40; IGD, n =32), and

NCAM (IGC, n=40; IGD, n = 32) between IGC and IGD groups,

respectively. (B, D, F, and H) Correlation of Internet gaming time with

expression of BDNF, sICAM-1, RANTES, and NCAM, respectively, within each group. *Significant negative correlation of BDNF
expression with Internet gaming time in the IGD group
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SICAM-1 concentration tended to be positively correlated in
the IGD group (r=.332, p =.073), whereas the IGC group
did not show a tendency to correlation between Internet
gaming time and SICAM-1 concentration (r=-.142,
p =.389; Figure 3D). Expression levels of RANTES (IGC:
73.65 + 32.05 ng/ml; IGD: 67.04 + 27.51 ng/ml) and NCAM
(IGC: 467.78 + 130.06 ng/ml; IGD: 459.60 + 132.50 ng/ml)
did not differ between the IGC and IGD groups (RANTES:
z value=-0.754, p=.451; NCAM: z value=-0.177,
p=.859; Figure 3E, G). Internet gaming time was not
correlated with the change of RANTES (IGC: r=.139,
p=.392; IGD: r=-.117, p=.531) or NCAM (IGC:
r=.178, p=.272; IGD: r=.011, p =.953) in either group
(Figure 3F, H).

DISCUSSION

IGD is on the rise due to the rapid growth in Internet gaming
technologies. Internet gaming addiction among adolescents,
who experience important maturational rearrangements to
hormonal and brain systems, is rapidly increasing, and this
phenomenon can cause various social and psychological
problems including anxiety and learning disability. To date,
there exist few treatment protocols or biomarkers for
diagnosis of IGD. In this study, we investigated changes
in some of the proteins in the blood of adolescents with
IGD and their biological implications for IGD diagnosis and
treatment.

We found that secretion of orexin A was elevated in
adolescents with IGD. Orexin A/hypocretin 1 is produced
from orexin neurons in the lateral and dorsomedial hypo-
thalamus and perifornical area. Recent studies have reported
that orexin-induced signaling is associated with drug-
seeking behaviors through activation of orexin neurons in
response to morphine, cocaine, or alcohol (Brown et al.,
2016; Harris et al., 2005). Repeated drug-seeking behaviors
by orexin-induced signaling can lead to drug addiction.
Orexin neurons are also activated by a variety of stressors
(James, Mahler, Moorman, & Aston-Jones, 2017), while
antagonists of orexin receptors reduce alcohol-seeking
behaviors (Srinivasan et al., 2012). These findings indicate
that orexin-induced signaling is involved in substance
addiction. Similarly, IGD is also an addictive disorder, and
individuals with IGD show addictive behaviors to Internet
gaming (Petry et al., 2014). Carr and Kalivas (2006) have
reported that orexin, as a gatekeeper of addiction, modulates
motivated behaviors such as feeding and arousal. Since
orexin A was elevated in adolescents with IGD, it is likely
that orexin-induced signaling modulates IGD, a behavioral
addiction.

Oxytocin is produced in the hypothalamus and emitted
into the bloodstream. The released oxytocin functions as a
hormone that affects peripheral targets through various
mechanisms (Lee et al., 2016). Oxytocin in the brain also
acts as a neuropeptide on increase of extracellular dopamine
within the nucleus accumbens, pain, stress, and emotional
regulation (Melis et al., 2007). In this study, oxytocin
secretion tended to increase in the blood of adolescents
with IGD. In contrast to our findings, some studies have
reported that repeated administration of cocaine and alcohol

decreases oxytocin in the plasma (Marchesi et al., 1997;
Sarnyai et al., 1992). More recent studies have shown that
the levels of plasma oxytocin are lower in individuals with
schizophrenia than in normal individuals (Strauss et al.,
2019), whereas levels of oxytocin are increased in depressed
women, suggesting a dysregulated pattern of oxytocin
release (Cyranowski et al., 2008). As a result, the expression
pattern of oxytocin may vary according to the type of
disease or addiction.

In this study, the expression of melatonin in adolescents
with IGD tended to increase compared to normal adoles-
cents. Melatonin modulates several physiological functions
including circadian rhythms and inflammation (Hardeland,
Cardinali, Brown, & Pandi-Perumal, 2015). It is also a sleep
hormone that is mainly released in the pineal gland in dark
conditions and regulates sleep—wake cycles (Tarocco et al.,
2019). In addition, melatonin antagonizes excitotoxicity
caused by excessive glutamatergic stimulation in the brain,
resulting in attenuation or prevention of neuroinflammation
(Hardeland et al., 2015), and it plays a role in substance
addictions including cocaine and alcohol (Takahashi et al.,
2017; Vengeliene et al., 2015). A previous study found
that male Wistar rats that receive melatonin at the end of the
light phase showed reduction of relapse-like alcohol intake
(Vengeliene et al., 2015). Another study reported that
motivation for self-administration of cocaine in rats is
reduced by melatonin (Takahashi et al., 2017). These find-
ings suggest that melatonin can reduce the desire to seek out
alcohol or cocaine, helping to prevent or attenuate substance
addictions. In this study, melatonin expression in the blood
tended to be increased in the IGD group, but there was no
significant difference. Therefore, further studies are required
to investigate expression level of melatonin in the blood of
adolescents and adults with IGD to identify whether mela-
tonin affects behavioral addiction.

BDNF has a pivotal role in modulation of neurotrans-
mitter release, neuroprotection, and regulation of neuro-,
synapto-, and gliogenesis (Chao, 2003; Foltran & Diaz,
2016). In particular, it influences cognition and memory
mechanisms by managing short- and long-lasting synaptic
interactions (Kowianski et al., 2018). In this study, the
expression levels of BDNF did not significantly differ
between the IGC and IGD groups. This is consistent with a
previous study that showed BDNF expression in a sample of
male IGD individuals (n=11) did not differ from a male
normal control group (n = 10) who did not spend any time on
Internet games (Geisel et al., 2013). Based on the results of
our and Geisel et al.’s studies, there seems to be no difference
in BDNF expression between IGD and control groups re-
gardless of sex and age. On the other hand, studies in patients
with PGD have reported that the expression levels of BDNF
were enhanced in the blood of the PGD group (Angelucci
et al., 2013; Choi et al., 2016; Geisel et al., 2012). These
studies have predicted that an increase in BDNF in PGD
patients may be a compensatory mechanism for normalizing
dopaminergic transmission associated with midbrain dopa-
mine release disrupted by the dysfunction of the reward
system. Taken together, these findings in behavior-related
addictions suggest that a BDNF-related mechanism in IGD
may be different from that in PDG. Apart from this, in
this study, comparing Internet gaming time and expression
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changes in BDNF in IGC or IGD groups, interestingly,
BDNF expression changes, were negatively correlated
with Internet gaming time in the IGD group. Considering
that BDNF plays a pivotal role in brain development and
synaptic plasticity and is important for maturational rear-
rangements in brain systems that happen during the ado-
lescent period (Chao, 2003; Kowianski et al., 2018), our
results suggest that reducing the initial Internet gaming
time in adolescents diagnosed with IGD may attenuate the
reduction of BDNF expression and help enhance BDNF
function in the adolescent brain. However, based on our
observation that there was no difference in BDNF expres-
sion between the IGC and IGD groups with a negative
correlation between BDNF expression and Internet gaming
time in the IGD group, further investigation of BDNF-
related mechanisms in IGD is needed.

In this study, changes in sSICAM-1 expression in the
blood tended to be positively correlated with Internet gam-
ing time in adolescents with IGD. As a circulating form of
ICAM-1, sICAM-1 is implicated in the development of
various diseases. First, SICAM-1 is elevated in atheroscle-
rosis, myocardial infarction, and cardiovascular diseases,
indicating its potential as a biomarker for vascular inflam-
mation (Hwang et al., 1997; Noutsias et al., 2003; Ridker
et al., 1998). Second, increased sSICAM-1 is related to the
development of neurological diseases such as depression
(Schaefer, Sarkar, Schwarz, & Friebe, 2016). In addition,
SICAM-1 is responsible for inflammatory processes in terms
of neuropathology. Third, individuals with substance addic-
tions to nicotine and alcohol exhibit elevated SICAM-1 in
the peripheral blood (Bergmann et al., 1998; Rohde,
Hennekens, & Ridker, 1999). sICAM-1 is upregulated in
people with obesity and it decreases as people lose weight
(Ito et al., 2002). As a result, we can assume that increased
sICAM-1 is a signal of neurological disease or addiction.
sICAM-1 promotes activation of astrocytes or microglia in
the brain and activation of lymphocytes in the blood,
followed by activation of inflammation, resulting in nega-
tive effects in the body. Therefore, the tendency for positive
correlation between sICAM-1 expression and Internet
gaming time in adolescents with IGD in this study indicates
that time spent on Internet gaming in adolescents with IGD
may influence changes in the expression of sSICAM-1.

Although we found that IGD was related to some pro-
teins expressed in the blood, and that expression changes in
BDNF and sICAM-1 were correlated with Internet gaming
time in adolescents with IGD, this study had some limita-
tions. First, the sample size was somewhat small. With a
larger sample size, we could have obtained more robust
findings of differences in protein expression between IGC
and IGD groups. Second, blood collection was performed in
the afternoon, and the blood samples were held at RT for
more than 30 min. Blood collection in the afternoon and
delay before extracting serum may reduce the accuracy of
the concentration determination in the blood when measur-
ing hormones that are metabolized quickly. However, all
blood was collected at the same conditions of collection
time and coagulation time. Third, we did not control for
factors such as sleeping duration, diet, and activity before
blood tests among participants.
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In summary, we investigated changes in hormones and
neuropeptides associated with circadian rhythm, stress,
and neurological diseases in adolescents with IGD. We
found elevation of orexin A in the peripheral blood of
adolescents with IGD compared to normal adolescents. We
also found positive correlations between Internet gaming
time and BDNF expression in adolescents with IGD. To our
knowledge, this is the first study to identify expression
change of orexin A and the correlation of BDNF expression
change with Internet gaming time in the blood of adoles-
cents with IGD. Our findings suggest that orexin A is
correlated with IGD in adolescents and provide insight into
an intervention to help adolescents at higher risk of IGD.
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