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Objective: Alteration in glutamatergic neurotransmission and dopaminergic dysfunction has been implicated in both
the initiation and expression of addiction related behaviors. This pilot study was aimed to investigate the serum levels
of glutamate and dopamine in adults with internet gaming disorder (IGD).
Methods: We measured serum levels of glutamate and dopamine in male participants with IGD (n=26) and age-matched
healthy controls (n=25). Clinical interviews were performed to identify IGD and to rule out psychiatric comorbidities.
Serum levels of glutamate and dopamine were examined by enzyme immunoassays using ELISA Kits.
Results: Serum levels of glutamate were lower among IGD than control (IGD: 24.184±12.303 g/ml; control: 33.676±12.413
g/ml; t=2.742, p=0.008), while levels of dopamine did not differ between. Serum glutamate and dopamine levels
did not correlate with gaming hours and exposure to game in the IGD group. But serum glutamate levels were positively
correlated with the dopamine levels (r=0.360, p=0.013).
Conclusion: Our results suggest that altered glutamatergic neurotransmission may contribute to the pathophysiology
of IGD.
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4-6)
Nevertheless, the pathophysiology of IGD is
IGD.
poorly understood.
Altered glutamatergic neurotransmission is known to
be associated with various psychiatric disorders, such as
7)
8)
schizophrenia, mood disorders, obsessive-compulsive
9)
10)
disorders (OCD), and addictive disorders. In particular, glutamate plays a crucial role in regulating both the
development and expression of addictive behaviors, such
10)
as sensitization and drug seeking. Drugs of abuse, including alcohol,11) nicotine,12) cocaine,13) and opioid,14)
are known to alter glutamate neurotransmission and
cause long-lasting neuroadaptation in the abuser’s brain.
Abnormal glutamatergic neurotransmission have been
suggested as a pathophysiological mechanism of patho15)
logical gambling, a non-substance addictive disorder
which shares similar neurobiological aspects with IGD.16)
Though direct observation of abnormal glutamate transmission was absent in the pathological gambling, treatment of pathological gambling with glutamate modulating agents, such as N-acetylcysteine and memantine, was
17,18)
To date, however, the role of glutamate
successful.
transmission has never been studied in IGD.

INTRODUCTION
Internet gaming disorder (IGD) is characterized as excessive and uncontrolled gaming behavior which eventually leads to functional impairment or distress.1) Over
the last decade, uncontrolled internet gaming behavior
have produced worldwide public health concerns and so1)
cial problems. Numerous studies have been published
regarding the neurobiological underpinning of IGD.
Altered reward sensitivity,2) dopaminergic reward system
3)
deficiency, deficits in cognitive-emotional processing,
impulsivity, cue reactivity and impaired decision-making
ability that have been proven in neuroimaging and behavioral tasks have been reported to be associated with
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Role of dopamine in reward system has been well
established. Addictive behaviors such as excessive and
uncontrolled internet use and gaming as well as drugs of
abuse change both structural and functional regions with3,5)
which eventually
in dopaminergic reward system,
leads to change in behaviors contributing to craving, risk
taking, and outcome prediction errors.19,20) Moreover, interaction between dopamine and glutamate is related to
21)
drug-seeking behaviors and relapse in an animal study,
and dopamine-glutamate co-transmission seems to occur
in reward processing in addiction.22) In order to elucidate
the pathophysiology of IGD, it is important to assess both
dopaminergic and glutamatergic dysfunction.
Based on these findings, we hypothesized that alterations in glutamatergic and dopaminergic neurotransmission may play a crucial role in the pathophysiology of
IGD either independently or interactively. Since serum
levels of glutamate are positively correlated with the cere23)
brospinal fluid levels of glutamate in humans, altered
glutamate neurotransmission in the brain can be inferred
from the changes in the serum levels of glutamate. Thus
the present pilot study assessed the serum levels of glutamate and dopamine in male adults with IGD without psychiatric comorbidities in comparison with healthy controls.

METHODS
Participants
Thirty-two male adults with IGD were recruited from
online advertisements. Diagnosis of IGD was made by
clinical interviews conducted by two qualified psychologists who had experiences on internet addiction and IGD.
IGD was determined using the research criteria for IGD
from Diagnostic and Statistical Manual of Mental Disor24)
ders, fifth edition (DSM-5). The interview also included
past and present psychiatric illness history and use of psychotropic medications. Exclusion criteria were current or
past axis I or II psychiatric disorders and suspected intellectual disability, determined by the Korean version of
the Weschler Adult Intelligence Scale version IV
(K-WAIS-IV). Three participants were excluded due to the
psychiatric comorbidity: one with major depressive disorder, one with dysthymic disorder and one with social
anxiety disorder. One participant was excluded due to
suspected intellectual disability with full scale intelligent
quotient (IQ) below 80. In total, 26 male adults with IGD

were included in this study. The age range was 20 to 38
years old and the mean age of the sample was 28.16 (standard deviation [SD], 5.235). Age matched healthy male
controls were recruited from online advertisements. All
control participants underwent clinical interviews to exclude IGD, psychiatric comorbidities, and suspected intellectual disability.
Exposure to internet gaming by year and time spent on
gaming during weekdays and weekends were asked to all
participants. Seven participants from control did not answer to the exposure question and one from IGD did not
to both the exposure and gaming hour questions. These
variables were counted as missing values in the final
analyses. Two control participants have never been engaged in internet gaming and thus their variables were
counted as ‘zero’.
The study protocol was approved by the Institutional
Review Boards of Seoul St. Mary’s Hospital (IRB number:
KC15EISI0103). This study met the ethical standards of the
Declaration of Helsinki, including obtaining informed
consent from all the participants and adhering to the privacy rights of the participants.

Biochemistry Test
For each participant, 5 ml of venous blood was extracted and stored at −20°C until analysis. Glutamate and
dopamine concentrations were measured using Human
Glutamate ELISA Kit (ARG80453) and Huma Dopamine
ELISA Kit (ARG50450) respectively purchased from Arigo
Biolaboratories (Hsinchu, Taiwan). Before each assay, serum was preprocessed by extraction and derivatization
according to manufacturer’s instructions. One hundred
micro millimeters of standards or the preprocessed serum
was applied to glutamate-coated microtiter plate and 50
l of glutamate antiserum was added. The plate was incubated overnight at 4°C. After washing the plate, 100 l
of enzyme-conjugated antibody was added to the plate.
TMB reagent of 100 l was added, followed by incubating
for 30 minutes in dark. After adding 100 l of stop solution, the plate was read at 450 nm to measure serum
neurotransmitter concentrations.
Statistical Analysis
To compare between the IGD and control groups, independent t tests and Mann-Whitney U tests were used
for normally distributed variables and for nonparametric
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Table 1. Comparisons of clinical characteristics and serum neurotransmitter levels
Characteristic
IQ
Full-scale IQ
VCI
PRI
WMI
PSI
Exposure to internet gaming (yr)
Weekday gaming hour
Weekend gaming hour
Glutamate (g/ml)
Dopamine (g/ml)

Internet gaming disorder group
109.88±11.752
109.92±10.041
109.62±16.879
107.12±13.055
105.73±11.323
8.260 (3.00-11.00)
3.208 (2.00-4.00)
5.17 (3.00-5.00)
24.18±12.30
.0471 (.0198-.0835)

Control group

t/U value

112.64±12.737
111.40±12.705
113.56±14.277
107.16±14.685
108.52±12.797
7.760 (0.00-14.00)
1.568 (1.00-2.00)
3.07 (1.00-3.13)
33.68±12.41
.0264 (.0044-.0610)

t=0.910
t=0.465
t=0.899
t=0.011
t=0.825
U=268.500
U=100.500**
U=98.500**
t=2.742*
U=206.000

Values are presented as mean±standard deviation or median (interquartile distance).
IQ, intellectual quotient; VCI, verbal comprehensive index; PRI, perceptual reasoning index; WMI, working memory index; PSI, processing speed
index.
*p＜0.05, **p＜0.005.

Table 2. Correlations between serum neurotransmitter levels and gaming related variables in internet gaming disorder group
Variable
1. Serum glutamate levels
2. Serum dopamine levels
3. Exposure to internet gaming (yr)
4. Weekday gaming hour
5. Weekend gaming hour

1

2

3

4

5

1
0.360*
−0.095
−0.234
−0.180

1
0.021
−0.126
−0.105

1
−0.105
−0.129

1
0.505**

1

*p＜0.05, **p＜0.005.

variables respectively. The Kolmogorov-Smirnov tests were
used to evaluate whether the variables were normally
distributed. The data were represented as mean±SD for
the t tests and as median and interquartile distance (IQD)
for the Mann-Whitney U tests. Correlations between serum neurotransmitter levels and gaming related variables
were analyzed by Pearson’s correlation coefficients. A p
value of less than 0.05 was considered to be statistically
significant. Statistical analyses were performed using IBM
SPSS Statistics version 24 (IBM Co., Armonk, NY, USA).

RESULTS
Characteristics of the IGD and control subjects were
present in Table 1. There were no significant differences
between the IGD and control groups with regard to all domains of K-WAIS-IV and full scale IQ. IGD spent more
time on internet gaming during weekdays (IGD: 3.208
[IQD, 3.00-8.00], control: 1.568 [IQD, 1.00-2.00];
U=100.500, p=0.000) and weekends (IGD: 5.17 [IQD,

3.00-5.00], control: 3.07 [IQD, 1.00-3.13], U=98.500,
p=0.000). Exposure to internet gaming by year did not differ between groups.
Glutamate concentrations (g/ml) were lower in the
IGD group than control (IGD: 24.184±12.303, control:
33.676±12.413; t=2.742, p=0.008), while dopamine serum levels (g/ml) did not differ between groups (IGD:
0.471 [IQD, .0198-.0835], control: .0264 [IQD,
.0044-.0610]; U=206.000, p=0.141). In the IGD group,
serum glutamate and dopamine levels were not correlated
to time spent on gaming during weekdays (r=−0.234,
p=0.113) and weekends (r=−0.180, p=0.225) and exposure to internet gaming (r=−0.095, p=0.511) (Table 2).
However, glutamate concentration was positively correlated with dopamine concentration (r=0.360, p=0.013).
Time spent on gaming during weekdays was positively
correlated to time during weekends (r=0.505, p=0.000).
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DISCUSSION
In this study, we demonstrated that serum levels of glutamate in young male adults with IGD were significantly
lower than those of the control subjects. To our knowledge, this is the first study that reported decreased serum
levels of glutamate in adults with IGD. All participants underwent clinical interviews and objective psychometric
tests, and were finally matched as per age and gender to
minimize the confounding effects. Carefully selected inclusion and exclusion criteria can serve as a strong methodological strength since the serum glutamate levels vary
significantly as per age, gender, intelligence as well as co25-28)
morbid depressive disorder.
IGD was associated with decreased peripheral glutamate levels, implicating altered glutamate neurotransmission. Glutamate signaling has been implicated as important in addictive disorder. In substance addiction,
drugs of abuse alter glutamate transmission29); nicotine
30)
enhances extracellular levels of glutamate, opiate re31)
duces synaptic overflow of glutamate, and alcohol has
mixed effect on extracellular levels of glutamate.11) In addition to these direct effects, glutamate regulates dopaminergic activity and thus modulates dopaminergic reward processing via incentive arousal for drug-related
23,32)
Conditioned drug-related cue elicits a phasic incue.
crease in the firing of ventral tegmental area dopamine
neuron and eventually lead to the co-release of dopamine
and glutamate in prefrontal cortex and the nucleus
22)
accumbens. Glutamate is involved in the learning and
memory processes via N-methyl-D-aspartate (NMDA)
receptors.33) Altered glutamate transmission has been
considered to play a role in reconsolidation of drug-associated memories and thus in relapse of addictive
29)
disorder. Moreover, glutamate excitotoxicity was implicated in motivational processes and reduced the capacity of prefrontal cortex to provide executive control
34,35)
As in substance addictions, alterover drug seeking.
ation in glutamate neurotransmission may modify dopaminergic reward processing and reconsolidate addictive
behavior-related memories in IGD.
Another explanation can be drawn from the pathophysiology of OCD. Altered glutamate neurotransmission
in corticostriatal-thalamocortital (CSTC) circuitry has
9)
been proposed to be involved in the OCD. Within the
CSTC circuits, glutamate plays a key role in the direct

pathways, which induce thalamic stimulation of cortex.
Preclinical and clinical trials have demonstrated that glutamatergic modulating agents such as riluzole and memantine targeted obsessive-compulsive symptoms and im36)
pulsivity in OCD. Considering compulsive and uncon37)
trolled gaming behaviors observed in IGD, glutamate
may alter the CSTC circuit of individuals with IGD and result in excessive preoccupation and compulsive gaming
behaviors.
In this study, serum dopamine levels did not differ between groups. Though serum dopamine does not cross
the blood-brain barrier and serum homovallinic acid
(HVA) levels did not correlate with HVA levels in the cere23)
brospinal fluid, serum dopamine levels have been sug38,39)
In
gested to reflect dopamine levels in the striatum.
this sense, our results did not reflect previous studies reporting alterations in dopaminergic transporters and re40,41)
However, serum dopceptors in the striatum of IGD.
amine levels were positively correlated with glutamate
levels in this study. Since dopamine and glutamate are
co-transmitted in the addict’s brain when he or she is engaged in a drug-related behavior,22) the correlation reported in this study might reflect the co-transmission of
glutamate and dopamine in IGD.
We could not find the correlation of serum glutamate
levels with exposure duration with the internet gaming
and gaming hours. The results suggested that glutamate
dysfunction may serve as a biomarker that occurs in the
early stage of the disorder and is maintained through the
28)
course, as shown in the study of adults with autism.
The following limitations should be addressed. First,
the sample size was too small to draw final conclusions.
However, carefully matched control subjects would minimize the influence of various confounding factors. Further
research with a larger sample is needed to validate the
preliminary results. Second, causal inferences could not
be made from the results because of the lack of longitudinal data. Third, we did not assess the severity of IGD
by quantitative scales such as Young’s internet addiction
tests, thus were unable to investigate the correlation between serum neurotransmitter levels and the disease
severity.
In conclusion, the present pilot study suggested that alteration in glutamatergic neurotransmission may contribute to the pathophysiology of IGD. Abnormal glutamate
transmission may moderate drug-related learning and
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memory, contribute to the obsessive and compulsive
gaming behaviors, or indirectly modulate dopaminergic
reward system. Further researches using the magnetic resonance spectroscopy would be necessary to investigate
glutamate dysfunction in the brain of IGD, especially in
the striatum and the CSTC circuits.
■
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