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Internet Gaming Disorder (IGD) has been considered a potential behavioral or non-

substance addiction that requires further investigation. Recognition of the commonalities

between IGD and Substance Use disorders (SUD) would be of great help to better

understand the basic mechanisms of addictive behaviors and excessive Internet gaming.

However, little research has targeted a straightforward contrast between IGD and SUD on

neuropsychological aspects. The present study thus aimed to explore the associations

of reward processing and inhibitory control with IGD and nicotine dependence (ND) in

young adults. Fifty-eight IGD and 53 ND individuals, as well as 57 age- and gender-

matched healthy controls, were assessed with a series of measurements including

the Delay-discounting Test (DDT), Probability Discounting Test (PDT), the Stroop Color-

Word Task, a revised Go/No Go Task, and the Barratt Impulsiveness Scale (BIS-11).

Multivariate analysis of variance (mANOVA) models revealed that both IGD and ND

groups scored higher than healthy controls on the BIS-11 attentional, motor, and non-

planning impulsiveness (Cohen’s d= 0.41–1.75). Higher degrees of delay discounting on

the DDT were also found in IGD and ND groups compared to healthy controls (Cohen’s

d = 0.53–0.69). Although IGD group did not differ from healthy controls on the PDT,

ND group had a lower degree of probability discounting than healthy controls (Cohen’s

d = 0.55), suggesting a reduction in risk aversion. Furthermore, ND subjects showed a

lower correct accuracy in the incongruent trials of the Stroop task than healthy controls

(Cohen’s d = 0.61). On the Go/No Go task, both IGD and ND groups had a lower

correct accuracy in the No-Go trials than healthy controls (Cohen’s d = 1.35–1.50),

indicating compromised response inhibition. These findings suggested that IGD was

linked to both anomalous reward discounting and dysfunctional inhibitory control, which

was comparable with one typical SUD category (i.e., ND). This study might promote a

better understanding of the pathogenesis of IGD as a potential addictive disorder similar

to SUD.
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INTRODUCTION

Internet Gaming Disorder (IGD) has been included as a tentative
behavioral or non-substance addiction that warrants further
research before it can be accepted as a full disorder in the
latest revision of the Diagnostic and Statistical Manual of Mental
Disorders (i.e., DSM-5) (1). More recently, IGD was proposed
in the list of addictive conditions and was formally recognized
as Gaming Disorder in the 11th revision of the International
Classification of Diseases (i.e., ICD-11) (2–4). Both in the DSM-5
and ICD-11, IGD is characterized by a pattern of persistent and
disordered gaming behavior, which leads to significant clinical
impairments within a period of at least 12 months (5, 6). To be
diagnosed as IGD in the DSM-5, five of the nine diagnosis criteria
(i.e., preoccupation, withdrawal, tolerance, loss of control, loss
of interest or giving up other activities, continued overuse,
deception, escape of negative feelings, negative consequences)
must be endorsed within a 12-month period (1). Prevalence
estimates of IGD among general samples have been always
below 5% (7, 8), with a low of 0.5% and a high of 10% (9).
In recent meta-analysis studies, the global prevalence of IGD
was reported to be about 3.05% with significant variability
(10), ranging from 0.21 to 57.5% in general populations, 3.2–
91.0% in clinical populations, and 50.42–79.25% in populations
undergoing intervention (i.e., severe cases) (11).

As a putative non-substance addiction, IGD has led to a large
number of issues, concerns, and scientific dialogues from experts
in the field (12–16). Although IGD seems to share many clinical
manifestations with Substance Use disorders (SUD) in terms of
etiology, biology, and treatment (13, 17–19), it remains a highly
controversial topic whether IGD should qualify as a new clinical
disorder (12, 20, 21), and a wider range of empirical studies
are needed to clarify the theoretical underpinnings of IGD (2).
In a manner, understanding the biological, psychological, and
social processes underlying different forms of addictive behaviors
stands to capture the core elements of IGD, such as on the
commonalities and distinctions between IGD and SUD (22).

However, little research by now has targeted a straightforward
contrast between IGD and other well-identified addictions on
neuropsychological aspects. Considering the core features of
impulsivity and compulsivity involved in addictive behaviors, one
prior study has tried to detect the similarities and differences
among male patients with IGD, Gambling Disorder (GD), and
Alcohol Use Disorder (AUD) compared to healthy controls
with a small sample size (23). It was reported that the IGD
and AUD groups had higher impulsivity scores on the Barratt
Impulsiveness Scale (BIS-11) and showed decreased proportions
of successful stops on the Stop-Signal Test than the healthy
controls, while only the GD group made more errors on the
compulsivity test (i.e., the Intra-Extra Dimensional Set Shift
Test) compared with healthy controls (23). Another latest
study assessed trait impulsivity, delay discounting, and decision
making between patients with IGD and GD compared to healthy
controls, reporting that IGD and GD groups did not differ from
healthy controls on the BIS-11, but both groups displayed a
steeper delay curve (i.e., a higher discounting degree) on the
Delay Discounting Task (DDT) (24). Despite these preliminary

evidence, recognition of the commonalities between IGD and
SUD/GD would be of great help to better understand the basic
mechanisms of IGD from a cross-spectrum view (25).

Relative to other populations, adolescents and young adults
have been found to be more susceptible to IGD because
of their age-related immaturity of cognitive control as well
as their easy access to the Internet during this period (26–
31). Analogously, cigarette smoking behavior (or even worse,
Nicotine Dependence) as one kind of SUD categories has also
been available and increasing in youths from middle schools
to universities (32–35), sometimes equally between males and
females (36). Inmany cases, Nicotine Dependence (ND) and IGD
tend to co-occur in young men (37, 38), and there is a high co-
occurrence of cigarette smoking with IGD in both adults and
adolescents (39). Interestingly, although significant correlations
of IGD with various forms of SUD including nicotine, alcohol,
caffeine, and cannabis use were found in the adult and elder
populations (39), cigarette smoking, rather than other substance
use, was strongly associated with IGD in the adolescent and
younger populations (40). Moreover, cue-induced smoking
craving and gaming urge showed similar neurobiological
correlates (e.g., higher parahippocampus activation) in young
adult subjects comorbid with ND and IGD (37), and young ND
and IGD individuals shared decreased resting-state functional
connectivity of the dorsolateral prefrontal cortex with the right
insula and left inferior frontal gyrus, which are related to craving
and impulsive inhibitions (41). Nevertheless, the common and
distinct aspects of neuropsychological characteristics between
IGD and ND are not well-acknowledged given the scarce
evidence with a direct comparison between them.

According to recent neurocognitive models of addiction,
the neural substrates implicated in addictive behaviors might
include multiple brain systems that govern reward seeking/risk
taking, craving and cognitive control (42, 43). Indeed, individuals
with IGD are often characterized by heightened reward-seeking,
persistent craving, and decreased executive control (44–46).
Furthermore, the developmental theories of adolescent brains
highlighted the imbalance between a salient reward-seeking
system and a hypoactive executive-control system, which is
closely associated with various risky behaviors including IGD
during adolescence and early adulthood (47, 48). Thus, it is
necessary to extend the neurocognitive underpinnings of IGD by
evaluating both reward processing and cognitive control among
adolescents and young adults with IGD, especially in direct
contrast to those with other addictive behaviors (e.g., ND).

The Delay-discounting Test (DDT) (49) is a widely-used
reward choice task that assesses the ability of delay of gratification
by choosing between immediate and prospective monetary
rewards (50). Similarly, the Probability Discounting Test (PDT)
(51) evaluates the propensity of taking a risk for gaining more
valuable rewards by choosing between one smaller reward
delivered “for sure” and another larger but probabilistic reward
(52). Previous case-control studies have consistently revealed
a higher degree of delay discounting among adolescents and
young adults with IGD (53–58), though some data showed no
differences between problematic and normal Internet users on
the DDT (25). More interestingly, treatment seekers diagnosed
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with IGD displayed a similar tendency on discounting long-term
rewards faster with those diagnosed with gambling disorder (24).
In heavy smokers and nicotine-dependent individuals, greater
delay-discounting rates were also found (59–63), and the degree
of delay discounting was significantly related to the severity
of ND (64, 65). However, regarding probability discounting,
limited data have been discrepant. Some studies showed that IGD
participants preferred the probabilistic rewards to those delivered
“for sure,” compared to recreational Internet game users and
healthy controls (66–68). Nonetheless, some adolescents and
college students with IGD revealed no differences on the PDT
compared to healthy controls (53, 54). Analogously, some
data revealed that heavy smokers showed a shallower rate of
probability discounting than never- smokers (63, 68), while more
studies displayed no differences between heavy/habitual smokers
and never-smokers on the PDT (60, 69–71), and acute smoking
abstinence did not reveal an increase in probability discounting
of money or cigarettes (72).

Together with reward processing, cognitive control is believed
to play a critical role in the transition from recreational drug
use to drug addiction, given the fact that some individuals who
use addictive drugs finally develop an addiction while others
do not (73–77). Abnormalities in cognitive control have been
observed in IGD samples (67, 78, 79), accompanied by neural
alterations in the prefrontal regions (18, 80, 81). Although
cognitive control consists of a series of cognitive processes that
regulate goal-directed actions and adaptive responses to complex
situations, such as response inhibition, performance monitoring,
and working memory (82), most studies concerning IGD
mainly investigated inhibitory control or response inhibition
(83, 84). Previous studies revealed that adolescents with IGD
committed more errors in the incongruent conditions than
healthy controls on the Stroop tasks (85–88). Adolescents and
young adults with IGD also made more commission errors in
no-go trials on the Go/No-Go tasks, and showed longer stop-
signal reaction time (SSRT) on the Stop- Signal tasks (23, 31,
89, 90). Nevertheless, some studies did not reveal differences on
the Go/No-Go task between IGD and healthy control groups
(91–93). Except for the diverse samples, these inconsistent
results might also be due to the mixed processing of both
stimulus-driven attentional bias and response inhibition in the
Go/No-Go task itself (i.e., novelty from 25% No-Go trials vs.
75% Go trials). A newly modified Go/No-Go task, containing
75% frequent-Go trials, 12.5% infrequent-Go trials, and 12.5%
No-Go trials, has been developed to directly detect response
inhibition (94). A clear association between inhibitory control
taxed by this novel task and smoking relapse vulnerability was
revealed in treatment-seeking smokers (95). Nonetheless, deficits
in inhibitory control were not consistently found in ND. Some
data revealed that inhibitory control performance was negatively
correlated with smoking behavior (96, 97), and subjects with ND
showed impaired inhibitory control following 12-h abstinence
(98). However, heavy smokers and non-smokers displayed no
differences on the classical Go/No-Go tasks (99, 100), though
smokers committed more errors on the Stroop task (101). Given
the mixed tasks used in the literature and no direct comparison
between IGD and ND, it remains unclear whether inhibitory

control dysfunctions are simultaneously connected to IGD and
ND in young adults.

Therefore, the main purpose of this current study was to
gather more empirical evidence about the associations of reward
processing and inhibitory control with both IGD and ND among
young adults, targeting a straightforward contrast between
IGD individuals, ND individuals, and healthy controls on the
Delay-discounting Test (DDT), the Probability Discounting Test
(PDT), the Stroop Color-Word Task, and the revised Go/No Go
Task. Besides, we also employed the Barratt Impulsiveness Scale
(BIS-11) to test trait impulsivity, considering the inconsistent
BIS-11 data between IGD and other addictive disorders (23, 24).
We generally hypothesized that as a putative non-substance
addiction, IGD might share an aberrant pattern of inhibitory
control and reward discounting with ND that is one typical kind
of SUD categories.

METHODS

Participants and Procedure
A total of 168 young adult subjects participated in this study,
including 58 individuals with Internet Gaming Disorder (IGD;
mean age: 20.19 ± 1.42 years; 35 males, 60.3%), 53 individuals
with Nicotine Dependence (ND; mean age: 20.64 ± 1.72 years;
33 males, 62.3%), and 57 age- and gender-matched healthy
controls (HC; mean age: 20.19 ± 1.41 years; 36 males, 63.2%).
All of them were college students recruited during April and
September 2019, through advertisement and flier from two
local universities in Guiyang City, China. Participants were
invited to complete a person-to-person screening interview
conducted by an experienced psychiatrist and a well-trained
clinical psychologist in the laboratory, and then they finished
a battery of questionnaires and cognitive tasks when enrolled
according to the clinical interview.

Inclusion criteria for the IGD group included: (1) ≥18
years of age; (2) meeting five or more of the nine criteria
for IGD proposed in the DSM-5 (1); (3) having a score
of 50 or more on the Internet Addiction Test (IAT) (102),
which indicates severe or problematic Internet use (103); and
(4) at least 3 h per day spent on playing Internet games
(mainly the Multiplayer Online Battle Arena games, such as
the League of Legends, the Arena of Valor, and the Game For
Peace/Playerunknown’s Battlegrounds) over a 12-month period.
The exclusion criteria included current/past major psychiatric
disorders (e.g., schizophrenia, bipolar disorder), neurological
diseases or mental disorders, brain trauma, use of psychoactive
drugs (e.g., cocaine, heroin, methamphetamine), alcohol abuse or
dependence, and current/past smoking.

Inclusion criteria for the ND group included: (1)≥18 years of
age; (2) endorsing three or more of the seven criteria for Nicotine
Dependence in the DSM-IV-TR (104); (3) having a score of
4 or more on the Fagerström Test for Nicotine Dependence
(FTND) (105), which is determined as high nicotine dependence
(106, 107); and (4) daily smoking with at least 10 cigarettes over
a 12-month period. Moreover, the ND group should have no
history of regular Internet gaming, with a score of <40 on the
IAT indicating normal Internet use (103). The exclusion criteria
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were same as those for the IGD group (except for the criterion of
current/past smoking).

The healthy controls met the following criteria: (1) ≥18 years
of age; (2) a score of <40 on the IAT and no experience of
Internet gaming; (3) non-smoking and a score of 0 on the FTND;
and (4) no current/past major psychiatric disorders, neurological
diseases or mental disorders, brain trauma, use of psychoactive
drugs, alcohol abuse or dependence. All subjects were right-
handed and had normal or rectified eyesight, without any color
vision deficiency. All of them gave written informed consent and
were compensated with a gift equal to RMB U 50 for their time.
The current study was reviewed and approved by the Human
Research Ethics Committee at the Guizhou Medical University.
The proposed study design, recruitment process, and our plans
to compensate the participants were in accordance with the
Declaration of Helsinki.

Monetary Reward Discounting Tasks
We used the Delay-discounting Test (DDT) (49) and Probability
Discounting Test (PDT) (51) to assess discounting degrees of
rewards in the context of monetary choice. The DDT contains a
set of choices between a smaller immediate reward and a larger
delayed reward. The degree of delay discounting is calculated
by the hyperbolic equation V = A/(1+kD). In this equation,
k is a free parameter, with a larger k-value describing a higher
degree of delay discounting. An adapted version of DDT among
Chinese students (108) was used in this study, as reported in
our previous studies (25, 109). Examples of choices on this task
are “A: receiving RMB U1000 now; B: receiving RMB U10000
one year later” and “A: receiving RMB U9000 now; B: receiving
RMBU10000 one year later.” The k-value was calculated and log-
transformed in keeping with the literature. The PDT consists of
three parts (i.e., Part A: $20 vs. $80; Part B: $40 vs. $100; Part C:
$40 vs. $60), with 10 choices in each part. Subjects have to choose
between a smaller amount of money delivered “for sure” and a
larger amount of money delivered probabilistically. Examples of
choices are “A: $20 for sure; B: a 1-in-10 chance/10% of winning
$80” and “A: $40 for sure; B: a 5-in-10 chance/50% of winning
$100.” This task has been properly used in our previous study
reported elsewhere (109). The degree of probability discounting
is calculated by the equation V = A/(1+hΘ), in which the
free parameter h refers to the degree of probability discounting.
Lower h indicates that the probabilistic rewards are less steeply
discounted, thus suggesting a reduction in risk aversion or a
higher level of risk-taking (51). The h scores in each part were
calculated and log-transformed to get a normal distribution as
suggested before.

Inhibitory Control Tasks
The standard Stroop Color-Word Task (110) was used tomeasure
respond inhibition under cognitive interference condition. In this
task, participants are instructed to name the color of the words
that are printed in a certain ink. There are two kinds of trials.
In congruent trials, the word is printed in a concordant color
(e.g., the word RED printed in red ink), while in the incongruent
trials, the word-color pairs are always conflicting (e.g., the word
RED printed in green ink). In our study, the colored words were

presented on the black screen in a 7 × 7 cm size. Each word
was presented for 1350ms, with a total interstimulus interval
of 2000ms, according to previous studies (111). There were 54
word-color pairs each in the congruent and incongruent trials,
and the task lasted for about 6min. Subjects had 8 trails to check
up on the response keys (e.g., “1” for RED, “2” for GREEN) before
formal experiments. This task was programmed using the E-
prime Version 2.0 (Psychology Software Tools, Inc., Sharpsburg,
PA, USA). Response time (RT) and correct accuracy in the
congruent and incongruent trials were analyzed.

A modified and validated Go/No Go Task (94, 95)
was employed to investigate inhibitory control or response
inhibition. This task was designed to separate the processing
of infrequent stimuli (e.g., stimulus-driven attention) from
inhibitory processes by including three different types of colored
circles: frequent-go trials (frequent gray, n = 388, about 75%),
infrequent-go trials (rare yellow, n = 65, about 12.5%), and no-
go trials (rare blue, n = 65, about 12.5%). The contrast of the
no-go trials vs. the infrequent-go trials was expected to detect
the process of response inhibition. In this task, a colored circle
was presented on the black screen for 400ms with a 400-ms
interstimulus interval over 7min. Participants were told to press
a button as quickly as possible with the right index finger in
response to gray and yellow circles, but to withhold a response
to blue circles. The frequent-go, infrequent-go, and no-go trials
were intermixed in pseudo-random order. Prior to the formal
experiments, subjects practiced 30 filler trials (10 gray, 10 yellow,
and 10 blue circles). This task was also programmed using the
E-prime Version 2.0. Reported no-go accuracy was adjusted,
including just those no-go trials with a correct response to the
preceding go trial, to control for the effects of attentional lapses
(94, 95).

Trait Impulsivity Measurement
The Barratt Impulsiveness Scale-11 (BIS-11) (112) was employed
to measure impulsive traits on three dimensions (Motor
Impulsiveness, Attentional Impulsiveness, Non-planning
Impulsiveness). Each dimension consists of 8 or 11 items that
are rated on a 4-point scale (1 = rarely/never, 4 = almost
always/always). Scores of each dimension were obtained for
analyses, with higher scores indicating higher levels of trait
impulsivity. Cronbach’s α was 0.69–0.81 for the three dimensions
in this study.

Data Analysis
All data were analyzed with the Statistical Package for the
Social Sciences for Windows, Version 19.0 (SPSS Inc., Chicago,
IL, USA). Categorical data such as gender, ethnicity, and
home locality were analyzed with chi-square tests for group
comparisons. The 3 (group: IGD, ND, HC) × 2 (gender:
male, female) multivariate analysis of variance (mANOVA)
models were used to compare task scores. Post-hoc tests
were conducted using Fisher’s least significant differences
protected t-tests. Partial correlations were tested between task
performance and gaming/smoking variables in IGD and ND
groups, controlling for gender, age, ethnicity, and home locality.
Statistical significance was set as p < 0.05, two-tailed.
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RESULTS

Demographic Characteristics and Trait
Impulsivity
Table 1 describes the demographic characteristics and BIS-
11 scores of the Internet Gaming Disorder (IGD), Nicotine
Dependence (ND), and healthy controls (HC) groups. No
between-group differences were detected on age [F(2, 165) =1.597,
p = 0.260], gender (χ2 = 0.101, p = 0.951), ethnicity (χ2 =

0.211, p = 0.900), or home locality (χ2 = 0.090, p = 0.956).
IGD group had a higher IAT score than ND and HC groups
[F(2, 165) = 752.96, p < 0.001]. On the BIS-11, the 3 (group:
IGD, ND, HC) × 2 (gender: male, female) mANOVA model
revealed significant between-group effects on all of the three
dimensions, including Motor Impulsiveness [F(2, 162) = 8.255,
p < 0.001, η2p = 0.092], Attentional Impulsiveness [F(2, 162) =

44.111, p < 0.001, η2p =0.353], and Non-planning Impulsiveness

[F(2, 162) = 5.867, p = 0.003, η2p = 0.068]. Pairwise comparisons
showed that both IGD and ND groups scored higher than
healthy controls on Motor Impulsiveness (Cohen’s d = 0.78, p
< 0.001; Cohen’s d = 0.53, p = 0.007, respectively), Attentional
Impulsiveness (Cohen’s d = 1.75, p < 0.001; Cohen’s d =

0.92, p < 0.001, respectively), and Non-planning Impulsiveness
(Cohen’s d = 0.64, p = 0.001; Cohen’s d = 0.41, p = 0.049,
respectively). The IGD and ND groups did not differ from each
other on Motor Impulsiveness (p = 0.253) or Non-planning
Impulsiveness (p = 0.172), but IGD group scored higher than
ND group on Attentional Impulsiveness (Cohen’s d = 0.83,
p < 0.001). Main effects of gender and interaction effects of
group × gender were not significant on any of these dimensions
(ps > 0.05).

Monetary Reward Discounting
The scores on the delay-discounting and probability-discounting
tasks of the IGD, ND, and HC groups are displayed in Table 2.
The mANOVAmodels showed that group effects were significant
on the DDT score (i.e., log-transformed k value) and on the PDT
score (i.e., log-transformed h value) of the Part A [F(2, 162) =
7.505, p = 0.001, η2p = 0.085; F(2, 162) = 7.118, p = 0.001, η2p
= 0.081, respectively], but not on the PDT Part B or Part C
scores [F(2, 162) = 2.975, p = 0.054; F(2, 162) = 2.674, p = 0.072,
respectively]. Pairwise comparisons revealed that both IGD and
ND groups had a higher degree of delay discounting (i.e., log-
transformed k-value) on the DDT than healthy controls (Cohen’s
d= 0.53, p= 0.002; Cohen’s d= 0.69, p= 0.001, respectively), but
the difference between IGD and ND groups was not significant
(p = 0.253). By contrast, ND group had a lower probability-
discounting degree (i.e., log-transformed h-value) on the PDT
(Part A), compared with healthy controls (Cohen’s d = 0.55, p =
0.004) and IGD group (Cohen’s d = 0.79, p < 0.001), but IGD
group did not differ from healthy controls (p = 0.546). Main
effects of gender and interaction effects of group × gender were
not significant on any of the DDT and PDT scores (ps > 0.05).

Inhibitory Control Performance
The inhibitory control performance on the Stroop Color-Word
Task and Go/No Go Task of the IGD, ND, and HC groups
are showed in Table 3. On the Stroop task, the mANOVA
models revealed that the group effects on correct accuracy
were significant in the incongruent trials [F(2, 162) = 6.351, p
= 0.002, η2p = 0.073] but not in the congruent trials [F(2, 162)
= 2.648, p = 0.076], and the group effects on response time
were not significant in the congruent or incongruent trials

TABLE 1 | Demographic characteristics and BIS-11 scores for the three groups.

Variables a. IGD

(n = 58)

b. ND

(n = 53)

c. HC

(n = 57)

F/χ2 p Post-hoc test

(p < 0.05)

Age, years (M ± SD) 20.19 ± 1.42 20.64 ± 1.72 20.19 ± 1.41 1.597 0.206 -

Gender, Male n (%) 35 (60.3) 33 (62.3) 36 (63.2) 0.101 0.951 -

Ethnicity, Hans n (%) 42 (72.4) 37 (69.8) 42 (73.7) 0.211 0.900 -

Home locality, Urban n (%) 34 (58.6) 31 (58.5) 32 (56.1) 0.090 0.956 -

IAT score (M ± SD) 67.83 ± 7.67 33.06 ± 3.88 31.88 ± 4.40 752.96*** <0.001 a>b, a>c

Years of regular gaming (M ± SD) 3.91 ± 1.34 - - - - -

Daily gaming hours (M ± SD) 5.19 ± 1.92 - - - - -

FTND score (M ± SD) 0.00 ± 0.00 5.83 ± 1.03 0.00 ± 0.00 - - -

Years of smoking (M ± SD) - 4.89 ± 1.63 - - - -

Cigarettes per day (M ± SD) - 15.08 ± 6.34 - - - -

BIS-11 SCORE (M ± SD)

Motor impulsiveness 21.88 ± 3.81 20.87 ± 3.36 19.14 ± 3.20 9.134*** <0.001 a>c, b>c

Attentional impulsiveness 20.36 ± 3.32 17.68 ± 3.16 14.86 ± 2.97 43.874*** <0.001 a>b>c

Non-planning impulsiveness 29.86 ± 4.56 28.66 ± 3.43 27.14 ± 3.93 6.625** 0.002 a>c, b>c

IGD, Internet Gaming Disorder; ND, Nicotine Dependence; HC, Healthy Controls; IAT, Internet Addiction Test; FTND, Fagerström Test for Nicotine Dependence; BIS, Barratt Impulsiveness

Scale. **p < 0.01, ***p < 0.001.
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TABLE 2 | Discounting degrees of the three groups on the DDT and PDT.

Variables a. IGD

(n = 58)

b. ND

(n = 53)

c. HC

(n = 57)

F p Post-hoc test

(p < 0.05)

DDT score (M ± SD)

k value 0.34 ± 0.22 0.35 ± 0.19 0.25 ± 0.22 3.626* 0.029 a>c, b>c

k value (log-transformed) −0.60 ± 0.41 −0.55 ± 0.32 −0.85 ± 0.53 7.571** 0.001 a>c, b>c

PDT score (M ± SD)

Part A ($20 vs. $80):

h value 5.61 ± 4.39 3.51 ± 4.02 6.26 ± 4.67 5.870** 0.003 a>b, c>b

h value (log-transformed) 0.62 ± 0.35 0.28 ± 0.50 0.57 ± 0.56 8.009*** <0.001 a>b, c>b

Part B ($40 vs. $100):

h value 3.66 ± 4.53 2.41 ± 3.09 4.12 ± 3.98 2.773 0.065 -

h value (log-transformed) 0.31 ± 0.45 0.14 ± 0.46 0.37 ± 0.52 3.596* 0.030 c>b

Part C ($40 vs. $60):

h value 3.35 ± 4.99 1.89 ± 3.32 3.06 ± 4.78 1.643 0.197 -

h value (log-transformed) 0.14 ± 0.54 0.06 ± 0.48 0.16 ± 0.48 3.383* 0.036 c>b

IGD, Internet Gaming Disorder; ND, Nicotine Dependence; HC, Healthy Controls; DDT, Delay-discounting Test; PDT, Probability Discounting Test; k represents the delay-discounting

degree, h represents the probability-discounting degree.

*p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 3 | Inhibitory control performance on the Stroop and Go/No Go tasks (M ± SD).

Variables a. IGD

(n = 58)

b. ND

(n = 53)

c. HC

(n = 57)

F p Post-hoc test

(p < 0.05)

Stroop color-word task

Correct accuracy in CC trials (%) 97.53 ± 1.69 96.72 ± 3.05 97.99 ± 2.09 2.780 0.067 -

Correct accuracy in IC trials (%) 92.80 ± 3.39 90.81 ± 4.66 93.50 ± 4.08 6.454** 0.002 a>b, c>b

Response time in CC trials (ms) 557.8 ± 65.6 568.9 ± 56.1 548.4 ± 56.9 1.617 0.202 -

Response time in IC trials (ms) 642.3 ± 94.8 664.0 ± 86.8 653.9 ± 92.6 0.781 0.460 -

Go/No Go task

Correct accuracy in frequent-go trials (%) 95.20 ± 3.16 94.75 ± 2.44 95.67 ± 2.96 1.413 0.246 -

Correct accuracy in rare-go trials (%) 93.48 ± 4.18 92.71 ± 4.23 93.82 ± 3.67 1.074 0.344 -

Correct accuracy in no-go trials (%) 61.65 ± 6.60 60.55 ± 6.83 69.85 ± 5.47 36.372*** <0.001 c>a, c>b

Response time in frequent-go trials (ms) 165.0 ± 45.7 164.0 ± 55.2 175.1 ± 29.8 1.070 0.345 -

Response time in rare-go trials (ms) 200.1 ± 32.7 198.4 ± 44.0 209.0 ± 32.2 1.351 0.262 -

IGD, Internet Gaming Disorder; ND, Nicotine Dependence; HC, Healthy Controls; CC, Congruent Condition; IC, Incongruent Condition.

**p < 0.01, ***p < 0.001.

[F(2, 162) = 1.104, p = 0.334; F(2, 162) = 0.682, p = 0.507,
respectively]. Pairwise comparisons found that ND group had a
lower correct accuracy in the incongruent trials compared with
healthy controls (Cohen’s d = 0.61, p = 0.001) and IGD group
(Cohen’s d = 0.49, p = 0.017), but IGD group did not differ
from healthy controls (p = 0.250). Main effects of gender and
interaction effects of group × gender were not significant on the
correct accuracy and response time (ps> 0.05). See Figure 1A for
a clear portrayal of the Stroop performance.

On the Go/No Go task, the mANOVA models revealed
significant group effects on correct accuracy in the no-go trials
[F(2, 162) = 38.160, p< 0.001, η2p = 0.320], but not in the frequent-
go trials [F(2, 162) = 1.085, p = 0.350] or the rare-go trials
[F(2, 162) = 0.986, p = 0.375]. Group effects on response time
were not significant in the frequent-go or rare-go trials [F(2, 162)

= 0.884, p = 0.415; F(2, 162) = 0.939, p = 0.393, respectively).
Pairwise comparisons found that both IGD and ND groups had a
lower correct accuracy in the no-go trials than healthy controls
(Cohen’s d = 1.35, p < 0.001; Cohen’s d = 1.50, p < 0.001,
respectively), but the accuracy difference between IGD and ND
groups was not significant (p= 0.332). Main effects of gender and
interaction effects of group × gender were not significant on the
Go/No Go accuracy and response time (ps> 0.05). See Figure 1B
for a direct description of the Go/No Go performance.

Correlations Between Gaming/Smoking
Variables and Task Performance
Partial correlations were tested between Internet gaming
variables (i.e., IAT score, years of regular gaming, daily gaming
hours), nicotine use variables (i.e., FTND score, years of smoking,
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FIGURE 1 | Inhibitory control performance on the Stroop Color-Word Task (A) and the revised Go/No Go Task (B) of the three groups. IGD, Internet Gaming Disorder;

ND, Nicotine Dependence; HC, healthy controls. Data are presented as mean ± standard deviation (M ± SD). *p < 0.05, ***p < 0.001.
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cigarettes per day) and task performance (i.e., BIS-11 scores,
DDT and PDT scores, and inhibitory control scores), controlling
for gender, age, ethnicity, and home locality. The data showed
that most of the correlations were not significant between
gaming/smoking variables with trait impulsivity, discounting
degrees, and inhibitory control (ps > 0.05), except for that of
the BIS-11 Non-planning Impulsiveness with FTND score, years
of smoking, and cigarettes per day in the ND group (rp =

0.267, p = 0.05; rp = 0.269, p = 0.049; rp = 0.278, p = 0.042,
respectively). Please see more details for the partial correlations
in the Supplementary Table 1.

DISCUSSION

The current study contrasted the characteristics of monetary
reward discounting, inhibitory control, and trait impulsivity
between Internet Gaming Disorder (IGD) and Nicotine
Dependence (ND) individuals, with a well-matched sample of
healthy controls as the reference group. To our best knowledge,
this is the first study that has targeted a straightforward
comparison between IGD and ND on reward processing
and cognitive control aspects among young adults. Our data
demonstrated that both the IGD and ND groups scored
higher on the trait impulsivity (i.e., Motor, Attentional, and
Non-planning Impulsiveness) and had higher degrees of delay
discounting (i.e., poorer capability of delay gratification) than
the healthy controls, while only the ND group showed a lower
degree of probability discounting (i.e., lower risk aversion) than
healthy controls. Moreover, IGD and ND groups displayed
similar impaired inhibitory control on the revised Go/No Go
task (i.e., a lower correct accuracy in No-Go trials) compared
with healthy controls, but on the Stroop task only the ND
subjects showed a lower correct accuracy in the incongruent
trials than healthy controls. These findings suggested that IGD
was linked to anomalous reward discounting and dysfunctional
inhibitory control, comparable with one typical SUD category
(i.e., ND) in this study.

In regard to trait impulsivity assessed with the BIS-
11, plentiful studies have observed elevated scores among
adolescents and young adults with IGD on the three dimensions
(i.e., Motor, Attentional, and Non-planning Impulsiveness)
(23, 31, 54, 89, 113), despite that some studies revealed no
differences on these impulsiveness scores between treatment-
seeking patients diagnosed with IGD and healthy controls (24).
Our data were consistent with the results of most previous
studies, revealing an increased level of trait impulsivity on
the BIS model among individuals with IGD. Furthermore, our
study detected similar elevated scores of the three dimensions
in the Nicotine Dependence (ND) group, in line with the
literature of trait impulsivity in cigarette smoking (114). These
findings, together with our previous cross-sectional data of trait
impulsivity in problematic Internet use and smoking behaviors,
indicated that IGD showed a tendency of increased impulsivity
traits comparable to ND (25). Interestingly, we further found
that the BIS-11 scores were not significantly correlated with
the severity of Internet gaming (Supplementary Table 1), but

more serious nicotine use (e.g., years of smoking) was associated
with a higher score on certain impulsivity trait (non-planning
impulsiveness), indicating a possible toxic effect of ND on
impulsivity. Particularly, nicotine (i.e., the primary component
of cigarettes smoking and ND) is a specific agonist of nicotinic
acetylcholine receptors (nAChRs), and chronic exposure to
nicotine acts as a neuroteratogen by providing excessive
cholinergic stimulation in the developing brain (115). Thus, the
deleterious effects of ND are mostly connected with nicotine-
induced overstimulation that causes overt neurotoxicity and the
adaptive desensitization of the nAChRs that causes alterations in
cholinergic transmission, which may produce derangements in
final neuronal architecture such as the prefrontal cortex, resulting
in less prefrontal inhibition and higher levels of impulsive
trait (116).

On the monetary reward discounting tasks (i.e., DDT and
PDT), our data showed that both IGD and ND groups had
a higher delay-discounting degree (log-transformed k value)
than the healthy controls, with a medium to large effect size
(Cohen’s d = 0.53–0.69), and no difference was found on
the DDT between IGD and ND groups. These data were
consistent with previous reports indicating higher degrees of
delay discounting among adolescents and young adults with IGD
(53–58), as well as among young heavy smokers and nicotine-
dependent individuals (59–63). In this respect, an inability to
delay gratification might be reflected both in IGD and ND
subjects, and this similar tendency on discounting long-term
rewards faster could play an important role in the development
of these two disordered behaviors among the youths (24, 65).
Furthermore, the partial correlations in our study did not find
significant relationships between gaming/smoking severity with
delay-discounting degrees (k values) in IGD and ND groups
(Supplementary Table 1), probably suggesting that the poor
delay gratification might not be aggravated by the severity of
IGD or ND among these individuals. However, given the cross-
sectional design of our study, whether the poor delay gratification
is a predisposing factor for IGD or ND still needs more powerful
longitudinal evidence.

With respect to probability discounting, IGD subjects did
not differ from healthy controls on the probability-discounting
degrees (log-transformed h values), indicating a normal risk
aversion as expected in previous studies (53, 54), though
inconsistent with some reports showing that IGD participants
chose more probabilistic rewards than recreational Internet game
users and controls (66–68). By comparison, the ND group had
a lower degree of probability discounting than healthy controls
with a medium effect size (Cohen’s d = 0.55), suggesting a
reduction in risk aversion or a greater risk-taking tendency
(63, 117). However, as previous research pointed out, the floor
effects of low probabilities in different studies might lead to
inconsistent results (60, 69–71). Considering that our ND group
merely scored lower than the controls on the Part A (i.e., $20 vs.
$80), but neither on the Part B (i.e., $40 vs. $100) nor on the Part
C (i.e., $40 vs. $60) of the PDT, it appears that the magnitudes
of the risky and/or the constant monetary rewards might be also
important in the choice of these addicted individuals (118), which
calls for further investigations on this interesting topic that to
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what extend the probabilities and the magnitudes of monetary
rewards may affect the degrees of probability discounting on
the PDT.

Cognitive control or inhibitory control plays a crucial part
in our goal-directed behaviors (48, 119), as well as in the
uncontrolled addictive behaviors (120, 121). Impairments in
cognitive control might affect the daily life, family relations,
and occupational status of drug-dependent individuals, and
are essential in the treatment and relapse of drug addiction
(122). Based on the phenomenological and empirical evidence
of decreased executive control in adolescents with IGD, some
theoretical models of IGD, such as the tripartite neurocognitive
model (46) and the Interaction of Person-Affect-Cognition-
Execution model (I-PACE) (123), coincidentally underlined the
key role of reduced cognitive control or inhibitory control in the
development and maintenance of IGD. In the present study, we
used the Stroop Color-Word Task and a revised Go/No Go task
to test inhibitory control. The data on Stroop task revealed that
the Nicotine Dependence (ND) subjects showed a lower correct
accuracy than healthy controls in the incongruent trials (Cohen’s
d = 0.61), indicating a dysfunctional inhibitory control in heavy
smokers (101), while the IGD subjects had similar performance
on the Stroop as the healthy controls did, discordant with
previous reports among adolescents showing that high school
students with IGD made more errors in the incongruent trials
than healthy controls, indicating impaired inhibitory control
(85–90). Considering the obvious differences of the IGD samples
in ours and other studies (i.e., young adult university students
vs. adolescent high-school students), more attention should be
paid to these contradictory findings in various samples of IGD.
Especially, we noticed that although significantly differing from
the healthy controls on the Stroop task, our ND subjects seemed
not so “impaired,” with an average correct accuracy of 90.81% in
the incongruent trials, in contrast to that of 92.80% (IGD group)
and 93.50% (HC group). Thus, the task difficulty and complexity
issues should be considered in future similar studies using the
Stroop task.

More important findings in this study were from the revised
Go/No Go task. Our data showed that the IGD and ND groups
exhibited similar impaired performance of inhibitory control on
this task (i.e., a lower correct accuracy in No-Go trials) than the
healthy controls, with a large effect size (Cohen’s d = 1.35, 1.50,
respectively), yet the performance differences in frequent-Go and
infrequent-Go trials among the IGD, ND and healthy control
groups were not significant. Because of the potential confusions
arising from the dual processing of attentional bias related to
the novelty and response inhibition related to the no-go signals
in traditional Go/No-Go paradigms (i.e., 25% No-Go trials vs.
75% Go trials), the present literature of the performance on the
Go/No-Go task has been greatly inconsistent, with some studies
reporting reduced inhibitory control functions in adolescents and
young adults with IGD (31, 89), while others indicating intact
inhibitory control in IGD subjects (86–88) and in heavy smokers
(99, 100). Our current study firstly dissociated inhibitory control
aspects from attentional bias among IGD and ND samples, using
the newly modified and validated Go/No-Go task (89, 90) that
contains 75% frequent-Go trials, 12.5% infrequent-Go trials, and

12.5% No-Go trials to directly detect response inhibition by
comparing the infrequent-Go trials with No-Go trials. Our data
clearly depicted that although the IGD andND groups performed
normally in both frequent-Go and infrequent-Go trials (the
average correct accuracy >92%) similar to the healthy controls,
these two disordered groups displayed apparent inhibitory
impairments in the infrequent No-Go trials (an average correct
accuracy of about 60%) compared with healthy controls (about
70% correct) (Figure 1B). Furthermore, the IGD individuals
who has never used any addictive substance, still manifested a
comparable impairment of inhibitory control on this task with
the ND subjects, who probably had the concomitant intoxication
consequences due to chronic nicotine use (116). These findings
might indicate a basic pathology mechanism of cognitive control
implicated in IGD as a potential addictive disorder similar to
SUD (84). Nevertheless, we did not find a significant correlation
between the inhibitory control impairments and the severity of
smoking in the ND group, inconsistent with previous reports
(96, 97). In light of the non-clinical samples of ND (i.e., university
students) in our study, we speculated that a narrow distribution
of smoking severity (e.g., an average score of 5.83 ± 1.03 on the
FTND)might negatively affect the correlation results, and further
studies with a larger ND sample are warranted to detect their
accurate relationships.

There are several limitations that should be noted in the
present study. Firstly, despite the fact that we mainly included
the IGD andND groups by person-to-person screening interview
conducted by a psychiatrist and a clinical psychologist, according
to the clinical criteria for IGD and ND, we also used some
self-report scales (i.e., the IAT and the FTND) to evaluate the
severity of IGD/ND, which might bring subjective biases, thus
the results should be explained carefully. Secondly, our samples
of IGD and ND primarily consisted of the young adult university
students, which could not represent the whole population, so
the findings should be further examined with other different
samples (e.g., treatment-seeking populations of IGD and ND).
Thirdly, we did not combine any neurophysiology measurement
together with our behavioral tasks as did in previous studies [e.g.,
(68, 89, 95, 101)], thus our findings of deficient reward processing
and inhibitory control in IGD and ND were short of powerful
converged evidence on neurobiological correlates. Actually, the
current literature suggests that functional and structural neural
alterations in the fronto-striatal and fronto-cingulate regions
are closely associated with IGD (81), and abnormal activities
in the prefrontal areas (e.g., dorsolateral prefrontal cortex,
anterior cingulate cortex, and orbitofrontal cortex/ventromedial
prefrontal cortex) may account for the impaired cognitive control
and decreased loss sensitivity in IGD and gambling disorder (124,
125) as well as for the craving and impulsivity in comorbid IGD
and SUD (126). Thus, neurophysiology measurements should be
better integrated with behavioral tasks in future. Additionally,
although we contrasted IGD and ND individuals with well-
matched healthy controls on multiple tasks, with a larger sample
size relative to some previous studies [e.g., (23)], our case-
control study design was cross-sectional in nature, therefore our
results could not draw a causal conclusion, which should also be
interpreted more discreetly.
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Despite these limitations, our findings indicated for the first
time that in a straightforward comparison, young adults with
IGD and those with ND concurrently shared poorer capability
of delay gratification as well as impaired inhibitory control,
suggesting that IGD was linked to a neuropsychological pattern
of anomalous reward discounting and dysfunctional inhibitory
control, which was comparable to a typical SUD category (i.e.,
ND). This study thus might promote a better understanding
of the pathogenesis of IGD as a potential addictive disorder
similar to SUD. Furthermore, our first direct findings from
a comparison between IGD and ND should be beneficial for
potential clinical implications in the prevention and treatment
of excessive Internet gaming and IGD, for instance, developing
possible non-pharmacological therapeutic methods aimed at the
restoration of inhibitory control or cognitive control functions
(124) and/or reducing the high-level subjective representations
of exciting activities or instant craving (127). In this respect,
non-invasive neuromodulation methods, such as the repetitive
transcranial magnetic stimulation (rTMS), have been proposed
as an effective intervention to target cognitive dysfunctions in
substance-related addictive disorders including tobacco, alcohol,
and cocaine addiction (128). In view of the similar impaired
inhibitory control detected in both IGD and ND in our
study, future treatment of pathological Internet gaming might
also be inspired to yield encouraging results by combining
neuromodulation methods (e.g., rTMS) that could be applied
on selected brain areas especially the left dorsolateral prefrontal
cortex (DLPFC), which has been proved to probably improve the
prefrontal top-down executive control and reduce drug craving
and consumption in SUD, including ND (128, 129). However,
there remains a big need for more accurate studies that can
provide deeper insight into the core pathogenesis of IGD so as
to advance this field, furnishing the foundation for developing
an ideal model for practice in the prevention and treatment of
IGD (130).

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Human Research Ethics Committee
at the Guizhou Medical University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

W-SY designed the study, wrote the protocols, directed the study,
andwrote a first draft of themanuscript. R-TC,M-ML, andD-HZ
performed the task assessments, data collection, and main data
analysis. All of the authors contributed to the writing and have
approved the final manuscript.

FUNDING

This study was provided by the National Natural Science
Foundation of China (Nos.: 32060195, 31560284) to W-SY.
These funding sources had no further role in study design;
in the collection, analysis and interpretation of data; in the
writing of the report; or in the decision to submit the paper
for publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2021.628933/full#supplementary-material

REFERENCES

1. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 5th ed. Arlington, VA: American Psychiatric Publishing
(2013). doi: 10.1176/appi.books.9780890425596

2. Potenza MN, Higuchi S, Brand M. Call for research into a
wider range of behavioural addictions. Nature. (2018) 555:30.
doi: 10.1038/d41586-018-02568-z

3. Pontes HM, Griffiths MD. A new era for gaming disorder research: time
to shift from consensus to consistency. Addict Behav. (2020) 103:106059.
doi: 10.1016/j.addbeh.2019.106059

4. World Health Organization. The ICD-11 Classification of Mental and

Behavioral Disorders: Diagnostic Criteria for Research. Geneva: World Health
Organization (2018).

5. Pontes HM, Stavropoulos V, Griffiths MD. Emerging insights on internet
gaming disorder: conceptual and measurement issues. Addict Behav Rep.

(2020) 11:100242. doi: 10.1016/j.abrep.2019.100242
6. Jo YS, Bhang SY, Choi JS, Lee HK, Lee SY, Kweon YS. Clinical characteristics

of diagnosis for internet gaming disorder: comparison of DSM-5 IGD and
ICD-11 GD diagnosis. J Clin Med. (2019) 8:945. doi: 10.3390/jcm8070945

7. Wu AMS, Chen JH, Tong KK, Yu S, Lau JTF. Prevalence and associated
factors of internet gaming disorder among community dwelling adults in
Macao, China. J Behav Addict. (2018) 7:62–9. doi: 10.1556/2006.7.2018.12

8. Przybylski AK, Weinstein N, Murayama K. Internet gaming disorder:
investigating the clinical relevance of a new phenomenon. Am J Psychiatr.

(2017) 174:230–6. doi: 10.1176/appi.ajp.2016.16020224
9. Petry NM, Rehbein F, Ko CH, O’Brien CP. Internet gaming disorder in the

DSM-5. Curr Psychiatr Rep. (2015) 17:72. doi: 10.1007/s11920-015-0610-0
10. Stevens MW, Dorstyn D, Delfabbro PH, King DL. Global prevalence

of gaming disorder: a systematic review and meta-analysis. Aust N Z J

Psychiatry. (2020). doi: 10.1177/0004867420962851. [Epub ahead of print].
11. Darvesh N, Radhakrishnan A, Lachance CC, Nincic V, Sharpe JP, Ghassemi

M, et al. Exploring the prevalence of gaming disorder and Internet
gaming disorder: a rapid scoping review. Systemat Rev. (2020) 9:68.
doi: 10.1186/s13643-020-01329-2

12. Aarseth E, Bean AM, Boonen H, Colder Carras M, Coulson M, Das
D, et al. Scholars’ open debate paper on the World Health organization
ICD-11 gaming disorder proposal. J Behav Addict. (2017) 6:267–70.
doi: 10.1556/2006.5.2016.088

13. Petry NM, Rehbein F, Gentile DA, Lemmens JS, Rumpf HJ, Mößle T, et al. An
international consensus for assessing internet gaming disorder using the new
DSM-5 approach. Addiction. (2014) 109:1399–406. doi: 10.1111/add.12457

14. Griffiths MD, van Rooij AJ, Kardefelt-Winther D, Starcevic V, Király O,
Pallesen S, et al. Working towards an international consensus on criteria
for assessing internet gaming disorder: a critical commentary on Petry et al.
(2014). Addiction. (2016) 111:167–75. doi: 10.1111/add.13057

Frontiers in Psychiatry | www.frontiersin.org 10 January 2021 | Volume 12 | Article 628933

https://www.frontiersin.org/articles/10.3389/fpsyt.2021.628933/full#supplementary-material
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1038/d41586-018-02568-z
https://doi.org/10.1016/j.addbeh.2019.106059
https://doi.org/10.1016/j.abrep.2019.100242
https://doi.org/10.3390/jcm8070945
https://doi.org/10.1556/2006.7.2018.12
https://doi.org/10.1176/appi.ajp.2016.16020224
https://doi.org/10.1007/s11920-015-0610-0
https://doi.org/10.1177/0004867420962851
https://doi.org/10.1186/s13643-020-01329-2
https://doi.org/10.1556/2006.5.2016.088
https://doi.org/10.1111/add.12457
https://doi.org/10.1111/add.13057
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Yan et al. Reward Discounting and Inhibitory Control in IGD and ND

15. Kuss DJ, Griffiths MD, Pontes HM. DSM-5 diagnosis of Internet
Gaming Disorder: Some ways forward in overcoming issues and
concerns in the gaming studies field. J Behav Addict. (2017) 6:133–141.
doi: 10.1556/2006.6.2017.032

16. van den Brink W. ICD-11 Gaming disorder: needed and just in time
or dangerous and much too early? J Behav Addict. (2017) 6:290–2.
doi: 10.1556/2006.6.2017.040

17. Martin PR, Petry NM. Are non-substance-related addictions really
addictions? Am J Addict. (2005) 14:1–7. doi: 10.1080/10550490590899808

18. Kuss DJ, Pontes HM, Griffiths MD. Neurobiological correlates in internet
gaming disorder: a systematic literature review. Front Psychiatr. (2018) 9:166.
doi: 10.3389/fpsyt.2018.00166

19. King DL, Delfabbro PH, Potenza MN, Demetrovics Z, Billieux J, Brand M.
Internet gaming disorder should qualify as a mental disorder. Austral N
Zealand J Psychiatr. (2018) 52:615–7. doi: 10.1177/0004867418771189

20. van Rooij AJ, Ferguson CJ, Colder Carras M, Kardefelt-Winther D, Shi J,
Aarseth E, et al. A weak scientific basis for gaming disorder: Let us err on
the side of caution. J Behav Addict. (2018) 7:1–9. doi: 10.31234/osf.io/kc7r9

21. Dullur P, Starcevic V. Internet gaming disorder does not qualify
as a mental disorder. Austral N Zeal J Psychiatr. (2018) 52:110–1.
doi: 10.1177/0004867417741554

22. James RJ, Tunney RJ. The need for a behavioural analysis of behavioural
addictions. Clin Psychol Rev. (2017) 52:69–76. doi: 10.1016/j.cpr.2016.11.010

23. Choi SW, Kim HS, Kim GY, Jeon Y, Park SM, Lee JY, et al. Similarities and
differences among Internet gaming disorder, gambling disorder and alcohol
use disorder: a focus on impulsivity and compulsivity. J Behav Addict. (2014)
3:246–53. doi: 10.1556/JBA.3.2014.4.6

24. Wölfling K, Duven E, Wejbera M, Beutel ME, Müller KW. Discounting
delayed monetary rewards and decision making in behavioral
addictions - a comparison between patients with gambling disorder
and internet gaming disorder. Addict Behav. (2020) 108:106446.
doi: 10.1016/j.addbeh.2020.106446

25. Liu SJ, Lan Y, Wu L, Yan WS. Profiles of impulsivity in problematic
internet users and cigarette smokers. Front Psychol. (2019) 10:772.
doi: 10.3389/fpsyg.2019.00772

26. Yan W, Li Y, Sui N. The relationship between recent stressful life events,
personality traits, perceived family functioning and internet addiction
among college students. Stress Health. (2014) 30:3–11. doi: 10.1002/smi.2490

27. Bonnaire C, Baptista D. Internet gaming disorder in male and female
young adults: the role of alexithymia, depression, anxiety and gaming
type. Psychiatr Res. (2019) 272:521–30. doi: 10.1016/j.psychres.2018.
12.158

28. Sugaya N, Shirasaka T, Takahashi K, Kanda H. Bio-psychosocial factors of
children and adolescents with internet gaming disorder: a systematic review.
Bio Psycho Soc Med. (2019) 13:3. doi: 10.1186/s13030-019-0144-5

29. Fam JY. Prevalence of internet gaming disorder in adolescents: a
meta-analysis across three decades. Scand J Psychol. (2018) 59:524–31.
doi: 10.1111/sjop.12459

30. Xin M, Xing J, Pengfei W, Houru L, Mengcheng W, Hong Z. Online
activities, prevalence of Internet addiction and risk factors related to family
and school among adolescents in China. Addict Behav Rep. (2018) 7:14–8.
doi: 10.1016/j.abrep.2017.10.003

31. Wang L, Tian M, Zheng Y, Li Q, Liu X. Reduced loss aversion and inhibitory
control in adolescents with internet gaming disorder. Psychol Addict Behav.
(2020) 34:484–96. doi: 10.1037/adb0000549

32. Alexander C, Piazza M, Mekos D, Valente T. Peers, schools, and
adolescent cigarette smoking. J Adolescent Health. (2001) 29:22–30.
doi: 10.1016/S1054-139X(01)00210-5

33. Chen X, Li X, Stanton B, Mao R, Sun Z, Zhang H, et al. Patterns of
cigarette smoking among students from 19 colleges and universities in
Jiangsu Province, China: a latent class analysis. Drug Alcohol Depend. (2004)
76:153–63. doi: 10.1016/j.drugalcdep.2004.04.013

34. Reed MB, Wang R, Shillington AM, Clapp JD, Lange JE. The
relationship between alcohol use and cigarette smoking in a sample
of undergraduate college students. Addict Behav. (2007) 32:449–64.
doi: 10.1016/j.addbeh.2006.05.016

35. Wang TW, Gentzke A, Sharapova S, Cullen KA, Ambrose BK, Jamal
A. Tobacco product use among middle and high school students -

United States, 2011-2017. MMWMorbidity Weekly Rep. (2018) 67:629–33.
doi: 10.15585/mmwr.mm6722a3

36. Di Nicola M, Ferri VR, Moccia L, Panaccione I, Strangio AM, Tedeschi
D, et al. Gender differences and psychopathological features associated
with addictive behaviors in adolescents. Front Psychiatr. (2017) 8:256.
doi: 10.3389/fpsyt.2017.00256

37. Ko CH, Liu GC, Yen JY, Yen CF, Chen CS, Lin WC. The brain activations
for both cue-induced gaming urge and smoking craving among subjects
comorbid with Internet gaming addiction and nicotine dependence. J

Psychiatr Res. (2013) 47:486–93. doi: 10.1016/j.jpsychires.2012.11.008
38. Marmet S, Studer J, Wicki M, Bertholet N, Khazaal Y, Gmel G. Unique

versus shared associations between self-reported behavioral addictions and
substance use disorders and mental health problems: a commonality analysis
in a large sample of young Swiss men. J Behav Addict. (2019) 8:664–77.
doi: 10.1556/2006.8.2019.70

39. Burleigh TL, Griffiths MD, Sumich A, Stavropoulos V, Kuss DJ. A
systematic review of the co-occurrence of gaming disorder and other
potentially addictive behaviors. Curr Addic Rep. (2019) 6:383–401.
doi: 10.1007/s40429-019-00279-7

40. Mérelle S, Kleiboer A, Schotanus M, Cluitmans TL, Waardenburg CM,
Kramer D, et al. Which health-related problems are associated with
problematic video-gaming or social media use in adolescents? Clin

Neuropsychiatr. (2017) 14:11–9.
41. Ge X, Sun Y, Han X, Wang Y, Ding W, Cao M, et al. Difference

in the functional connectivity of the dorsolateral prefrontal cortex
between smokers with nicotine dependence and individuals with internet
gaming disorder. BMC Neurosci. (2017) 18:54. doi: 10.1186/s12868-017-
0375-y

42. Noël X, Brevers D, Bechara A. A neurocognitive approach to understanding
the neurobiology of addiction. Curr Opin Neurobiol. (2013) 23:632–8.
doi: 10.1016/j.conb.2013.01.018

43. Turel O, Bechara A. A triadic reflective-impulsive-interoceptive
awareness model of general and impulsive information system use:
behavioral tests of neuro-cognitive theory. Front Psychol. (2016) 7:601.
doi: 10.3389/fpsyg.2016.00601

44. Zheng H, Hu Y, Wang Z, Wang M, Du X, Dong G. Meta-analyses
of the functional neural alterations in subjects with Internet gaming
disorder: Similarities and differences across different paradigms.
Progr Neuro-Psychopharmacol Biol Psychiatr. (2019) 94:109656.
doi: 10.1016/j.pnpbp.2019.109656

45. Wang M, Dong H, Zheng H, Du X, Dong GH. Inhibitory neuromodulation
of the putamen to the prefrontal cortex in Internet gaming disorder:
how addiction impairs executive control. J Behav Addict. (2020) 9:312–24.
doi: 10.1556/2006.2020.00029

46. Wei L, Zhang S, Turel O, Bechara A, He Q. A tripartite neurocognitive
model of internet gaming disorder. Front Psychiatr. (2017) 8:285.
doi: 10.3389/fpsyt.2017.00285

47. Ernst M, Pine DS, Hardin M. Triadic model of the neurobiology of
motivated behavior in adolescence. Psychol Med. (2006) 36:299–312.
doi: 10.1017/S0033291705005891

48. Somerville LH, Casey BJ. Developmental neurobiology of cognitive control
and motivational systems. Curr Opin Neurobiol. (2010) 20:236–241.
doi: 10.1016/j.conb.2010.01.006

49. Kirby KN, Petry NM, Bickel WK. Heroin addicts have higher discount rates
for delayed rewards than non-drug-using controls. J Exp Psychol. (1999)
128:78–87. doi: 10.1037/0096-3445.128.1.78

50. DixonMR,Marley J, Jacobs EA. Delay discounting by pathological gamblers.
J Appl Behav Anal. (2003) 36:449–58. doi: 10.1901/jaba.2003.36-449

51. Madden GJ, Petry NM, Johnson PS. Pathological gamblers
discount probabilistic rewards less steeply than matched controls.
Exp Clin Psychopharmacol. (2009) 17:283–90. doi: 10.1037/a00
16806

52. Rachlin H, Raineri A, Cross D. Subjective probability and delay. J Exp

Analysis Behav. (1991) 55:233–44. doi: 10.1901/jeab.1991.55-233
53. Li Q, Tian M, Taxer J, Zheng Y, Wu H, Sun S, et al. Problematic internet

users’ discounting behaviors reflect an inability to delay gratification,
not risk taking. Cyberpsychol Behav Soc Netw. (2016) 19:172–8.
doi: 10.1089/cyber.2015.0295

Frontiers in Psychiatry | www.frontiersin.org 11 January 2021 | Volume 12 | Article 628933

https://doi.org/10.1556/2006.6.2017.032
https://doi.org/10.1556/2006.6.2017.040
https://doi.org/10.1080/10550490590899808
https://doi.org/10.3389/fpsyt.2018.00166
https://doi.org/10.1177/0004867418771189
https://doi.org/10.31234/osf.io/kc7r9
https://doi.org/10.1177/0004867417741554
https://doi.org/10.1016/j.cpr.2016.11.010
https://doi.org/10.1556/JBA.3.2014.4.6
https://doi.org/10.1016/j.addbeh.2020.106446
https://doi.org/10.3389/fpsyg.2019.00772
https://doi.org/10.1002/smi.2490
https://doi.org/10.1016/j.psychres.2018.12.158
https://doi.org/10.1186/s13030-019-0144-5
https://doi.org/10.1111/sjop.12459
https://doi.org/10.1016/j.abrep.2017.10.003
https://doi.org/10.1037/adb0000549
https://doi.org/10.1016/S1054-139X(01)00210-5
https://doi.org/10.1016/j.drugalcdep.2004.04.013
https://doi.org/10.1016/j.addbeh.2006.05.016
https://doi.org/10.15585/mmwr.mm6722a3
https://doi.org/10.3389/fpsyt.2017.00256
https://doi.org/10.1016/j.jpsychires.2012.11.008
https://doi.org/10.1556/2006.8.2019.70
https://doi.org/10.1007/s40429-019-00279-7
https://doi.org/10.1186/s12868-017-0375-y
https://doi.org/10.1016/j.conb.2013.01.018
https://doi.org/10.3389/fpsyg.2016.00601
https://doi.org/10.1016/j.pnpbp.2019.109656
https://doi.org/10.1556/2006.2020.00029
https://doi.org/10.3389/fpsyt.2017.00285
https://doi.org/10.1017/S0033291705005891
https://doi.org/10.1016/j.conb.2010.01.006
https://doi.org/10.1037/0096-3445.128.1.78
https://doi.org/10.1901/jaba.2003.36-449
https://doi.org/10.1037/a0016806
https://doi.org/10.1901/jeab.1991.55-233
https://doi.org/10.1089/cyber.2015.0295
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Yan et al. Reward Discounting and Inhibitory Control in IGD and ND

54. Tian M, Tao R, Zheng Y, Zhang H, Yang G, Li Q. et al. Internet
gaming disorder in adolescents is linked to delay discounting but
not probability discounting. Computers Human Behav. (2018) 80:59–66.
doi: 10.1016/j.chb.2017.10.018

55. Weinstein A, Abu HB, Timor A, Mama Y. Delay discounting, risk-taking,
and rejection sensitivity among individuals with internet and video gaming
disorders. J Behav Addict. (2016) 5:674–82. doi: 10.1556/2006.5.2016.081

56. Wang Y, Hu Y, Xu J, Zhou H, Lin X, Du X, et al. Dysfunctional prefrontal
function is associated with impulsivity in people with internet gaming
disorder during a delay discounting task. Front Psychiatr. (2017) 8:287.
doi: 10.3389/fpsyt.2017.00287

57. Wang Y, Wu L, Wang L, Zhang Y, Du X, Dong G. Impaired decision-
making and impulse control in Internet gaming addicts: evidence from
the comparison with recreational Internet game users. Addict Biol. (2017)
22:1610–21. doi: 10.1111/adb.12458

58. Wang Y, Wu L, Zhou H, Lin X, Zhang Y, Du X, et al. Impaired executive
control and reward circuit in Internet gaming addicts under a delay
discounting task: independent component analysis. Eur Arch Psychiatr Clin

Neurosci. (2017) 267:245–55. doi: 10.1007/s00406-016-0721-6
59. Bickel WK, Odum AL, Madden GJ. Impulsivity and cigarette smoking: delay

discounting in current, never, and ex-smokers. Psychopharmacology. (1999)
146:447–54. doi: 10.1007/PL00005490

60. Białaszek W, Marcowski P, Cox DJ. Differences in delay, but not probability
discounting, in current smokers, e-cigarette users, never smokers. Psychol
Record. (2017) 67:223–30. doi: 10.1007/s40732-017-0244-1

61. Amlung M, MacKillop J. Clarifying the relationship between impulsive
delay discounting and nicotine dependence. Psychol Addict Behav. (2014)
28:761–8. doi: 10.1037/a0036726

62. García-Rodríguez O, Secades-Villa R, Weidberg S, Yoon JH.
A systematic assessment of delay discounting in relation to
cocaine and nicotine dependence. Behav Proces. (2013) 99:100–5.
doi: 10.1016/j.beproc.2013.07.007

63. Reynolds B, Richards JB, Horn K, Karraker K. Delay discounting and
probability discounting as related to cigarette smoking status in adults. Behav
Proces. (2004) 65:35–42. doi: 10.1016/S0376-6357(03)00109-8

64. Sweitzer MM, Donny EC, Dierker LC, Flory JD, Manuck SB. Delay
discounting and smoking: association with the Fagerström Test for Nicotine
Dependence but not cigarettes smoked per day. Nicotine Tobacco Res. (2008)
10:1571–5. doi: 10.1080/14622200802323274

65. Weidberg S, Secades-Villa R, García-Pérez Á, González-Roz A, Fernández-
Hermida JR. The synergistic effect of cigarette demand and delay discounting
on nicotine dependence among treatment-seeking smokers. Exp Clin

Psychopharmacol. (2019) 27:146–52. doi: 10.1037/pha0000248
66. Lin X, Zhou H, Dong G, Du X. Impaired risk evaluation in people

with Internet gaming disorder: fMRI evidence from a probability
discounting task. Progr Neuro-psychopharmacol Biol Psychiatr. (2015)
56:142–8. doi: 10.1016/j.pnpbp.2014.08.016

67. Wang L, Wu L, Lin X, Zhang Y, Zhou H, Du X, et al. Dysfunctional default
mode network and executive control network in people with Internet gaming
disorder: independent component analysis under a probability discounting
task. Eur Psychiatr. (2016) 34:36–42. doi: 10.1016/j.eurpsy.2016.01.2424

68. Wang Z, Liu X, Hu Y, Zheng H, Du X, Dong G. Altered brain functional
networks in Internet gaming disorder: independent component and graph
theoretical analysis under a probability discounting task. CNS Spectrums.

(2019) 24:544–56. doi: 10.1017/S1092852918001505
69. Reynolds B, Patak M, Shroff P, Penfold RB, Melanko S, Duhig AM.

Laboratory and self-report assessments of impulsive behavior in adolescent
daily smokers and nonsmokers. Exp Clin Psychopharmacol. (2007) 15:264–
71. doi: 10.1037/1064-1297.15.3.264

70. Ohmura Y, Takahashi T, Kitamura N. Discounting delayed and probabilistic
monetary gains and losses by smokers of cigarettes. Psychopharmacology.

(2005) 182:508–15. doi: 10.1007/s00213-005-0110-8
71. Yi R, Chase WD, Bickel WK. Probability discounting among cigarette

smokers and nonsmokers: molecular analysis discerns group differences.
Behav Pharmacol. (2007) 18:633–9. doi: 10.1097/FBP.0b013e3282effbd3

72. Yi R, Landes RD. Temporal and probability discounting by cigarette smokers
following acute smoking abstinence.Nicotine Tobacco Res. (2012) 14:547–58.
doi: 10.1093/ntr/ntr252

73. Bechara A, Berridge KC, Bickel WK, Morón JA, Williams SB, Stein JS. A
neurobehavioral approach to addiction: implications for the opioid epidemic
and the psychology of addiction. Psychol Sci Public Interest. (2019) 20:96–
127. doi: 10.1177/1529100619860513

74. Hester R, Lubman DI, Yücel M. The role of executive control in
human drug addiction. Curr Top Behav Neurosci. (2010) 3:301–18.
doi: 10.1007/7854_2009_28

75. Tanabe J, Regner M, Sakai J, Martinez D, Gowin J. Neuroimaging
reward, craving, learning, and cognitive control in substance use disorders:
review and implications for treatment. Br J Radiol. (2019) 92:20180942.
doi: 10.1259/bjr.20180942

76. Smith DG, Jones PS, Bullmore ET, Robbins TW, Ersche KD. Cognitive
control dysfunction and abnormal frontal cortex activation in stimulant drug
users and their biological siblings. Translational Psychiatr. (2013) 3:e257.
doi: 10.1038/tp.2013.32

77. Goldstein RZ, VolkowND.Dysfunction of the prefrontal cortex in addiction:
neuroimaging findings and clinical implications. Nature Rev. (2011) 12:652–
69. doi: 10.1038/nrn3119

78. Dong G, Li H, Wang L, Potenza MN. Cognitive control and reward/loss
processing in Internet gaming disorder: results from a comparison
with recreational Internet game-users. Eur Psychiatr. (2017) 44:30–8.
doi: 10.1016/j.eurpsy.2017.03.004

79. Wang H, Jin C, Yuan K, Shakir TM, Mao C, Niu X, et al. The
alteration of gray matter volume and cognitive control in adolescents
with internet gaming disorder. Front Behav Neurosci. (2015) 9:64.
doi: 10.3389/fnbeh.2015.00064

80. Meng Y, Deng W, Wang H, Guo W, Li T. The prefrontal dysfunction in
individuals with Internet gaming disorder: a meta-analysis of functional
magnetic resonance imaging studies. Addiction Biol. (2015) 20:799–808.
doi: 10.1111/adb.12154

81. Yao YW, Liu L, Ma SS, Shi XH, Zhou N, Zhang JT, et al. Functional
and structural neural alterations in Internet gaming disorder: a systematic
review and meta-analysis. Neurosci Biobehav Rev. (2017) 83:313–24.
doi: 10.1016/j.neubiorev.2017.10.029

82. Cools R, D’ Esposito. M. Inverted-U-shaped dopamine actions on human
working memory and cognitive control. Biol Psychiatr. (2011) 69:e113–25.
doi: 10.1016/j.biopsych.2011.03.028

83. Brand M, Young KS, Laier C. Prefrontal control and internet
addiction: a theoretical model and review of neuropsychological
and neuroimaging findings. Front Human Neurosci. (2014) 8:375.
doi: 10.3389/fnhum.2014.00375

84. Antons S, Brand M, Potenza MN. Neurobiology of cue-reactivity, craving,
and inhibitory control in non-substance addictive behaviors. J Neurol Sci.
(2020) 415:116952. doi: 10.1016/j.jns.2020.116952

85. Cai C, Yuan K, Yin J, Feng D, Bi Y, Li Y, et al. Striatum morphometry
is associated with cognitive control deficits and symptom severity
in internet gaming disorder. Brain Imaging Behav. (2016) 10:12–20.
doi: 10.1007/s11682-015-9358-8

86. Xing L, Yuan K, Bi Y, Yin J, Cai C, Feng D, et al. Reduced fiber integrity and
cognitive control in adolescents with internet gaming disorder. Brain Res.

(2014) 1586:109–117. doi: 10.1016/j.brainres.2014.08.044
87. Yuan K, Qin W, Yu D, Bi Y, Xing L, Jin C, et al. Core brain networks

interactions and cognitive control in internet gaming disorder individuals in
late adolescence/early adulthood. Brain Structure Funct. (2016) 221:1427–42.
doi: 10.1007/s00429-014-0982-7

88. Yuan K, Yu D, Cai C, Feng D, Li Y, Bi Y, et al. Frontostriatal circuits,
resting state functional connectivity and cognitive control in internet gaming
disorder. Addict Biol. (2017) 22:813–22. doi: 10.1111/adb.12348

89. Li Q, Wang Y, Yang Z, Dai W, Zheng Y, Sun Y, et al. Dysfunctional
cognitive control and reward processing in adolescents with Internet
gaming disorder. Psychophysiology. (2020) 57:e13469. doi: 10.1111/psyp.
13469

90. Kim YJ, Lim JA, Lee JY, Oh S, Kim SN, Kim DJ, et al. Impulsivity and
compulsivity in Internet gaming disorder: a comparison with obsessive-
compulsive disorder and alcohol use disorder. J Behav Addic. (2017) 6:545–
53. doi: 10.1556/2006.6.2017.069

91. Ding WN, Sun JH, Sun YW, Chen X, Zhou Y, Zhuang ZG, et al.
Trait impulsivity and impaired prefrontal impulse inhibition function in

Frontiers in Psychiatry | www.frontiersin.org 12 January 2021 | Volume 12 | Article 628933

https://doi.org/10.1016/j.chb.2017.10.018
https://doi.org/10.1556/2006.5.2016.081
https://doi.org/10.3389/fpsyt.2017.00287
https://doi.org/10.1111/adb.12458
https://doi.org/10.1007/s00406-016-0721-6
https://doi.org/10.1007/PL00005490
https://doi.org/10.1007/s40732-017-0244-1
https://doi.org/10.1037/a0036726
https://doi.org/10.1016/j.beproc.2013.07.007
https://doi.org/10.1016/S0376-6357(03)00109-8
https://doi.org/10.1080/14622200802323274
https://doi.org/10.1037/pha0000248
https://doi.org/10.1016/j.pnpbp.2014.08.016
https://doi.org/10.1016/j.eurpsy.2016.01.2424
https://doi.org/10.1017/S1092852918001505
https://doi.org/10.1037/1064-1297.15.3.264
https://doi.org/10.1007/s00213-005-0110-8
https://doi.org/10.1097/FBP.0b013e3282effbd3
https://doi.org/10.1093/ntr/ntr252
https://doi.org/10.1177/1529100619860513
https://doi.org/10.1007/7854_2009_28
https://doi.org/10.1259/bjr.20180942
https://doi.org/10.1038/tp.2013.32
https://doi.org/10.1038/nrn3119
https://doi.org/10.1016/j.eurpsy.2017.03.004
https://doi.org/10.3389/fnbeh.2015.00064
https://doi.org/10.1111/adb.12154
https://doi.org/10.1016/j.neubiorev.2017.10.029
https://doi.org/10.1016/j.biopsych.2011.03.028
https://doi.org/10.3389/fnhum.2014.00375
https://doi.org/10.1016/j.jns.2020.116952
https://doi.org/10.1007/s11682-015-9358-8
https://doi.org/10.1016/j.brainres.2014.08.044
https://doi.org/10.1007/s00429-014-0982-7
https://doi.org/10.1111/adb.12348
https://doi.org/10.1111/psyp.13469
https://doi.org/10.1556/2006.6.2017.069
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Yan et al. Reward Discounting and Inhibitory Control in IGD and ND

adolescents with internet gaming addiction revealed by a Go/No-Go fMRI
study. Behav Brain Funct. (2014) 10:20. doi: 10.1186/1744-9081-10-20

92. Chen CY, HuangMF, Yen JY, Chen CS, Liu GC, Yen CF, et al. Brain correlates
of response inhibition in internet gaming disorder. Psychiatr Clin Neurosci.

(2015) 69:201–9. doi: 10.1111/pcn.12224
93. Ko CH, Hsieh TJ, Chen CY, Yen CF, Chen CS, Yen JY, et al. Altered

brain activation during response inhibition and error processing in subjects
with Internet gaming disorder: a functional magnetic imaging study. Eur
Arch Psychiatr Clin Neurosci. (2014) 264:661–72. doi: 10.1007/s00406-01
3-0483-3

94. Chikazoe J, Jimura K, Asari T, Yamashita K, Morimoto H, Hirose S, et al.
Functional dissociation in right inferior frontal cortex during performance of
go/no-go task. Cereb Cortex. (2009) 19:146–52. doi: 10.1093/cercor/bhn065

95. Froeliger B, McConnell PA, Bell S, Sweitzer M, Kozink RV,
Eichberg C, et al. Association between baseline corticothalamic-
mediated inhibitory control and smoking relapse vulnerability.
JAMA Psychiatr. (2017) 74:379–86. doi: 10.1001/jamapsychiatry.201
7.0017

96. Spinella M. Correlations between orbitofrontal dysfunction
and tobacco smoking. Addiction Biol. (2002) 7:381–4.
doi: 10.1080/1355621021000005964

97. Yakir A, Rigbi A, Kanyas K, Pollak Y, Kahana G, Karni
O, et al. Why do young women smoke? IIAttention I,
and impulsivity as neurocognitive predisposing factors. Eur

Neuropsychopharmacol. (2007) 17:339–51. doi: 10.1016/j.euroneuro.2006.
09.004

98. Charles-Walsh K, Furlong L, Munro DG, Hester R. Inhibitory
control dysfunction in nicotine dependence and the influence of
short-term abstinence. Drug Alcohol Depend. (2014) 143:81–6.
doi: 10.1016/j.drugalcdep.2014.07.008

99. Dinn WM, Aycicegi A, Harris CL. Cigarette smoking in a student sample:
neurocognitive and clinical correlates. Addict Behav. (2004) 29:107–26.
doi: 10.1016/j.addbeh.2003.07.001

100. Lesage E, Sutherland MT, Ross TJ, Salmeron BJ, Stein EA. Nicotine
dependence (trait) and acute nicotinic stimulation (state) modulate
attention but not inhibitory control: converging fMRI evidence from
Go-Nogo and Flanker tasks. Neuropsychopharmacology. (2020) 45:857–65.
doi: 10.1038/s41386-020-0623-1

101. Yuan K, Yu D, Zhao M, Li M, Wang R, Li Y, et al.
Abnormal frontostriatal tracts in young male tobacco smokers.
NeuroImage. (2018) 183:346–55. doi: 10.1016/j.neuroimage.2018.
08.046

102. Young KS. Internet addiction: the emergence of a new clinical disorder.
CyberPsychol Behav. (1998) 1:237–44. doi: 10.1089/cpb.1998.1.237

103. Khazaal Y, Billieux J, Thorens G, Khan R, Louati Y, Scarlatti E, et al.
French validation of the internet addiction test. Cyberpsychol Behav. (2008)
11:703–6. doi: 10.1089/cpb.2007.0249

104. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 4th ed., text revision (DSM-IV-TR). Washington, DC:
American Psychiatric Association (2000).

105. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The
Fagerström Test for Nicotine dependence: a revision of the
Fagerström Tolerance Questionnaire. Br J Addict. (1991) 86:1119–27.
doi: 10.1111/j.1360-0443.1991.tb01879.x

106. Fagerström KO, Kunze M, Schoberberger R, Breslau N, Hughes JR, Hurt
RD, et al. Nicotine dependence versus smoking prevalence: comparisons
among countries and categories of smokers. Tobacco Control. (1996) 5:52–6.
doi: 10.1136/tc.5.1.52

107. Ríos-Bedoya CF, Snedecor SM, Pomerleau CS, Pomerleau OF. Association
of withdrawal features with nicotine dependence as measured by the
Fagerström Test for Nicotine Dependence (FTND). Addict Behav. (2008)
33:1086–9. doi: 10.1016/j.addbeh.2008.04.005

108. Sun Y, Li S. Testing the effect of risk on intertemporal choice
in the Chinese cultural context. J Soc Psychol. (2011) 151:517–522.
doi: 10.1080/00224545.2010.503719

109. Yan WS, Zhang RR, Lan Y, Li ZM, Li YH. Questionnaire-based maladaptive
decision-coping patterns involved in binge eating among 1013 college
students. Front Psychol. (2018) 9:609. doi: 10.3389/fpsyg.2018.00609

110. Golden CJ. A group version of the Stroop Color and Word Test. J Personal
Assessment. (1975) 39:386–8. doi: 10.1207/s15327752jpa3904_10

111. Adleman NE, Menon V, Blasey CM, White CD, Warsofsky IS, Glover
GH, et al. A developmental fMRI study of the Stroop color-word task.
NeuroImage. (2002) 16:61–75. doi: 10.1006/nimg.2001.1046

112. Patton JH, Stanford MS, Barratt ES. Factor structure of the
Barratt impulsiveness scale. J Clin Psychol. (1995) 51:768–74.
doi: 10.1002/1097-4679(199511)51:6<768::aid-jclp2270510607>3.0.co;2-1

113. Ryu H, Lee JY, Choi A, Park S, Kim DJ, Choi JS. The relationship between
impulsivity and internet gaming disorder in young adults: mediating effects
of interpersonal relationships and depression. Int J Environ Res Public

Health. (2018) 15:458. doi: 10.3390/ijerph15030458
114. Kale D, Stautz K, Cooper A. Impulsivity related personality traits and

cigarette smoking in adults: a meta-analysis using the UPPS-P model of
impulsivity and reward sensitivity.Drug Alcohol Depend. (2018) 185:149–67.
doi: 10.1016/j.drugalcdep.2018.01.003

115. Zahalka EA, Seidler FJ, Lappi SE, McCook EC, Yanai J, Slotkin TA.
Deficits in development of central cholinergic pathways caused by fetal
nicotine exposure: differential effects on choline acetyltransferase activity
and [3H] hemicholinium-3 binding. Neurotoxicol Teratol. (1992) 14:375–82.
doi: 10.1016/0892-0362(92)90047-E

116. DeBry SC, Tiffany ST. Tobacco-induced neurotoxicity of adolescent
cognitive development (TINACD): a proposedmodel for the development of
impulsivity in nicotine dependence. Nicotine Tobacco Res. (2008) 10:11–25.
doi: 10.1080/14622200701767811

117. Poltavski DV, Weatherly JN. Delay and probability discounting of multiple
commodities in smokers and never-smokers using multiple-choice tasks.
Behav Pharmacol. (2013) 24:659–67. doi: 10.1097/FBP.0000000000000010

118. Sloan FA, Wang Y. Economic theory and evidence on
smoking behavior of adults. Addiction. (2008) 103:1777–85.
doi: 10.1111/j.1360-0443.2008.02329.x

119. Dalley JW, Everitt BJ, Robbins TW. Impulsivity, compulsivity,
and top-down cognitive control. Neuron. (2011) 69:680–94.
doi: 10.1016/j.neuron.2011.01.020

120. Naish KR, Vedelago L, MacKillop J, Amlung M. Effects of neuromodulation
on cognitive performance in individuals exhibiting addictive behaviors:
a systematic review. Drug Alcohol Depend. (2018) 192:338–51.
doi: 10.1016/j.drugalcdep.2018.08.018

121. Everitt BJ, Robbins TW. Drug addiction: updating actions to habits
to compulsions ten years on. Annual Rev Psychol. (2016) 67:23–50.
doi: 10.1146/annurev-psych-122414-033457

122. Teichner G, Horner MD, Roitzsch JC, Herron J, Thevos A. Substance abuse
treatment outcomes for cognitively impaired and intact outpatients. Addict
Behav. (2002) 27:751–63. doi: 10.1016/S0306-4603(01)00207-6

123. Brand M, Young KS, Laier C, Wölfling K, Potenza MN.
Integrating psychological and neurobiological considerations
regarding the development and maintenance of specific Internet-
use disorders: an Interaction of Person-Affect-Cognition-Execution
(I-PACE) model. Neurosci Biobehav Rev. (2016) 71:252–66.
doi: 10.1016/j.neubiorev.2016.08.033

124. Moccia L, Pettorruso M, De Crescenzo F, De Risio L, di Nuzzo L, Martinotti
G, et al. Neural correlates of cognitive control in gambling disorder: a
systematic review of fMRI studies. Neurosci Biobehav Rev. (2017) 78:104–16.
doi: 10.1016/j.neubiorev.2017.04.025

125. Fauth-Bühler M, Mann K. Neurobiological correlates of internet gaming
disorder: similarities to pathological gambling. Addict Behav. (2017) 64:349–
56. doi: 10.1016/j.addbeh.2015.11.004

126. Di Nicola M, Tedeschi D, De Risio L, Pettorruso M, Martinotti G, Ruggeri
F, et al. Co-occurrence of alcohol use disorder and behavioral addictions:
relevance of impulsivity and craving. Drug Alcohol Dependence. (2015)
148:118–25. doi: 10.1016/j.drugalcdep.2014.12.028

127. King DL, Delfabbro PH, Griffiths MD, Gradisar M. Assessing clinical
trials of Internet addiction treatment: a systematic review and CONSORT
evaluation. Clin Psychol Rev. (2011) 31:1110–6. doi: 10.1016/j.cpr.2011.
06.009

128. Antonelli M, Fattore L, Sestito L, Di Giuda D, Diana M, Addolorato
G. Transcranial magnetic stimulation: a review about its efficacy
in the treatment of alcohol, tobacco and cocaine addiction.

Frontiers in Psychiatry | www.frontiersin.org 13 January 2021 | Volume 12 | Article 628933

https://doi.org/10.1186/1744-9081-10-20
https://doi.org/10.1111/pcn.12224
https://doi.org/10.1007/s00406-013-0483-3
https://doi.org/10.1093/cercor/bhn065
https://doi.org/10.1001/jamapsychiatry.2017.0017
https://doi.org/10.1080/1355621021000005964
https://doi.org/10.1016/j.euroneuro.2006.09.004
https://doi.org/10.1016/j.drugalcdep.2014.07.008
https://doi.org/10.1016/j.addbeh.2003.07.001
https://doi.org/10.1038/s41386-020-0623-1
https://doi.org/10.1016/j.neuroimage.2018.08.046
https://doi.org/10.1089/cpb.1998.1.237
https://doi.org/10.1089/cpb.2007.0249
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://doi.org/10.1136/tc.5.1.52
https://doi.org/10.1016/j.addbeh.2008.04.005
https://doi.org/10.1080/00224545.2010.503719
https://doi.org/10.3389/fpsyg.2018.00609
https://doi.org/10.1207/s15327752jpa3904_10
https://doi.org/10.1006/nimg.2001.1046
https://doi.org/10.1002/1097-4679(199511)51:6<768::aid-jclp2270510607>3.0.co;2-1
https://doi.org/10.3390/ijerph15030458
https://doi.org/10.1016/j.drugalcdep.2018.01.003
https://doi.org/10.1016/0892-0362(92)90047-E
https://doi.org/10.1080/14622200701767811
https://doi.org/10.1097/FBP.0000000000000010
https://doi.org/10.1111/j.1360-0443.2008.02329.x
https://doi.org/10.1016/j.neuron.2011.01.020
https://doi.org/10.1016/j.drugalcdep.2018.08.018
https://doi.org/10.1146/annurev-psych-122414-033457
https://doi.org/10.1016/S0306-4603(01)00207-6
https://doi.org/10.1016/j.neubiorev.2016.08.033
https://doi.org/10.1016/j.neubiorev.2017.04.025
https://doi.org/10.1016/j.addbeh.2015.11.004
https://doi.org/10.1016/j.drugalcdep.2014.12.028
https://doi.org/10.1016/j.cpr.2011.06.009
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Yan et al. Reward Discounting and Inhibitory Control in IGD and ND

Addictive behav. (2020) 114:106760. doi: 10.1016/j.addbeh.2020.
106760

129. Lefaucheur JP, Aleman A, Baeken C, Benninger DH, Brunelin J, Di
Lazzaro V, et al. Evidence-based guidelines on the therapeutic use of
repetitive transcranial magnetic stimulation (rTMS): An update (2014-
2018). Clin Neurophysiol. (2020) 131:474–528. doi: 10.1016/j.clinph.2020.
02.003

130. King DL, Delfabbro PH, Wu A, Doh YY, Kuss DJ, Pallesen S, et al.
Treatment of Internet gaming disorder: An international systematic
review and CONSORT evaluation. Clin Psychol Rev. (2017) 54:123–33.
doi: 10.1016/j.cpr.2017.04.002

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Yan, Chen, Liu and Zheng. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychiatry | www.frontiersin.org 14 January 2021 | Volume 12 | Article 628933

https://doi.org/10.1016/j.addbeh.2020.106760
https://doi.org/10.1016/j.clinph.2020.02.003
https://doi.org/10.1016/j.cpr.2017.04.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Monetary Reward Discounting, Inhibitory Control, and Trait Impulsivity in Young Adults With Internet Gaming Disorder and Nicotine Dependence
	Introduction
	Methods
	Participants and Procedure
	Monetary Reward Discounting Tasks
	Inhibitory Control Tasks
	Trait Impulsivity Measurement
	Data Analysis

	Results
	Demographic Characteristics and Trait Impulsivity
	Monetary Reward Discounting
	Inhibitory Control Performance
	Correlations Between Gaming/Smoking Variables and Task Performance

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


