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Las disfunciones cognitivas pueden ser una parte esencial de trastornos 

de adicción. El objetivo de este estudio fue examinar si las personas con 

trastorno de juego en Internet (TJI) tienen deficiencias cognitivas y dis-

funciones sociocognitivas similares a los pacientes con dependencia de 

la metanfetamina (DM). Los participantes incluyeron 30 personas con 

TJI, 30 pacientes con DM, y 30 Controles Normales (CN). Todos los par-

ticipantes completaron la tarea de dígitos, Iowa gambling task (IGT), 

WCST e Interpersonal Perception Task-15 (IPT-15). Los resultados 

mostraron que los grupos de TJI y DM obtuvieron puntuaciones más ba-

jas en dígitos directos e inversos, elecciones de barajas favorables menos 

barajas desfavorables, cuantía media de ganancia monetaria, número 

de categorías completadas, porcentaje de respuestas a nivel conceptu-

al, y puntuaciones totales y factoriales del IPT-15, comparado con el 

grupo CN. Las puntuaciones en dígitos directos e inversos, número de 

categorías completadas, porcentaje de respuestas a nivel conceptual, 

elecciones de barajas favorables menos barajas desfavorables, y cuantía 

media de ganancia monetaria eran más bajas en el grupo TJI que en 

el grupo DM. El número de cartas elegidas de las barajas A, B, C, y D, 

total de respuestas erróneas, errores perseverativos, e incapacidad para 

mantenimiento de sets eran más elevados en los grupos TJI y DM que 

en el grupo CN. El total de respuestas erróneas, errores perseverativos, 

e incapacidad para mantener los sets eran más elevados en el grupo TJI 

que en el grupo DM. Los resultados mostraron que las deficiencias neu-

rocognitivas y disfunciones sociocognitivas son similares en los grupos 

TJI y DM. Desde una perspectiva cognitiva, dichos resultados apoyan la 

hipótesis del TJI como trastorno del espectro de las adicciones, y podría 

llevar a una mejor valoración de la eficacia del tratamiento.

Palabras clave: Trastorno de juego en Internet; Dependencia de la me-

tanfetamina; Neurocognición; Cognición social; Cognición.

Cognitive dysfunction may be a critical aspect of addictive disorders. 

This study aimed to examine whether individuals with Internet gam-

ing disorder (IGD) have similar neurocognitive dysfunctions and 

social cognitive impairments as methamphetamine dependence 

(MD) patients. The participants included 30 individuals with IGD, 

30 MD patients and 30 normal controls (NCs). All participants com-

pleted the digit span task, Iowa gambling task (IGT), WCST and the 

Interpersonal Perception Task-15 (IPT-15). The results showed that 

the IGD and MD groups had lower forwards and backwards scores, 

choices of advantageous minus disadvantageous decks, mean amount 

of money earned, number of categories completed, percentage of 

conceptual level responses, and IPT-15 total and factor scores com-

pared with the NC group. Forwards and backwards scores, number 

of categories completed, percentage of conceptual level responses, 

choices from advantageous minus disadvantageous decks and mean 

amount of money earned were lower in the IGD group than in the 

MD group. The number of cards chosen from decks A, B, C, and D, 

total response errors, perseverative errors and failure to maintain set 

were higher in the IGD and MD groups than in NCs. Total response 

errors, perseverative errors and failure to maintain set were higher in 

the IGD than the MD group. The results revealed that neurocognitive 

deficits and social cognitive dysfunction in IGD are similar to those in 

MD. From a cognitive perspective, these results supported IGD as an 

addictive spectrum disorder and might lead to a better assessment of 

therapeutic efficacy.

Keywords: Internet gaming disorder; Methamphetamine dependence; 

Neurocognition; Social cognition; Cognition.

Individuals with internet gaming disorder have similar 
neurocognitive impairments and social cognitive 
dysfunctions as methamphetamine-dependent patients
Las personas con trastorno de juego en Internet tienen 
deficiencias neurocognitivas y disfunciones sociocognitivas 
similares a los pacientes con dependencia de la metanfetamina
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Individuals with internet gaming disorder have similar neurocognitive impairments and social cognitive dysfunctions as 
methamphetamine-dependent patients

Internet addiction disorder (IAD) mainly refers to 
excessive Internet use that interferes with daily life 
(Byun et al., 2009). Many studies reported that IAD 
caused the negative effects on physical and mental 

health, which led to poor concentration and academic per-
formance, headache, and fatigue, as well as mood disor-
ders, dysfunctional personality, impulsivity, and aggressive-
ness (De Berardis et al., 2009; Ko, Yen, Liu, Huang, & Yen 
2009; Spada, 2014; Dol, 2016;). Previous researchers have 
reported that IAD is often divided into certain subtypes of 
addiction including to gaming, online social networking, 
Internet pornography  and Internet shopping (Masters, 
2015; Moreno, Jelenchick, Coc, Young &Christakis,, 2011). 
Until now, there has been debate as to whether IAD is a 
mental disorder. Because of the lack of consensus regard-
ing the existence of IAD, many scholars have used the ter-
minology “excessive” or “problematic” to denote harmful 
use of the Internet. A few previous studies have supported 
IAD as a type of behavioral addiction because there are 
many similarities between the neurobiology of behavior 
and substance addiction (Zhou, Yuan, Yao, Li & Cheng, 
2010; Zhou, Yuan & Yao, 2012; Zhou, Li & Zhu, 2013). 
As a subtype of IAD, Internet gaming disorder (IGD) has 
been included in the American Psychiatric Association’s 
Fifth Edition of the  Diagnostic and Statistical Manual of 
Mental Disorders (DSM-5), which was issued in May 2013. 
Although IGD is included in the Emerging Measures and 
Models (section 3) of the DSM-5, it is not considered a 
mental disorder. However, Gaming disorder which refers to 
too much use of the internet, computers and smart phones 
was included in International Classification of Diseases and 
Related Health Problems 11th Revision (ICD-11). Because 
the concept and definition of IGD was shaped by a public 
health approach, the participation of a broad spectrum of 
health professionals will be more valid and will have a great 
impact at different levels of the health care system both in 
terms of identification and management (Bobes Bascaran, 
Florez, Seyjo & Bobes Garcia, 2019).

Cognitive functions are defined as the ability to perform 
mental actions or to acquire knowledge and understand-
ing through thought, experience, and the senses. Within 
psychology and psychiatry, cognitive function refers to 
processes such as  attention,  working memory,  judgment, 
evaluation,  reasoning, problem solving, decision making, 
and  comprehension; i.e., it usually refers to an informa-
tion-processing  perspective of an individual’s psychologi-
cal functioning (Olle, 2011). Cognitive dysfunction may be 
a critical aspect of addictive disorders (Berre & Sullivan, 
2016; Sofuoglu, Devito, Walters & Carroll, 2016). The in-
tegrated cognitive function characteristics with behavioral 
features or social aspects for IAD are helpful for its pre-
vention, diagnosis and treatment. In psychology and psy-
chiatry, neurocognition and social cognition are the major 
branches of cognitive function. Neurocognition is linked to 

the function of certain areas, including cortical networks in 
the brain substrate layers of the neurological matrix at the 
cellular molecular level (Lisdahl, Wright, Medina-Kirch-
ner, Maple & Shollenbarger, 2014; Hunt, 2014; Corigliano 
et al., 2014); social cognition refers to the ability to analyze 
and understand social psychological phenomena.  Social 
cognitive processes include the perception and judgment 
of social stimuli, the effects of social and affective factors 
and the behavioral and interpersonal consequences of cog-
nitive processes (Uekermann & Daum, 2008).

Neurocognitive deficits  are impairments in cognitive 
function in some cognitive areas and can be tested with 
neuropsychological tests in clinical practice. For example, 
the Wisconsin Card Sorting Test (WCST) is a neuropsycho-
logical test of the ability to exhibit flexibility in the face of 
changing schedules of reinforcement (Zhou et al., 2014; 
Zhou, Zhou & Zhu, 2016). The digit span task (forwards/
backwards) from the Wechsler Adult Intelligence Scale has 
been used to assess the maintenance and manipulation of 
verbal information in working memory (Zhou et al., 2014; 
Zhou et al.2016). The Iowa Gambling Task (IGT) has been 
used to measure decision-making and problem-solving 
ability (Linnet, Moller, Peterson, Gjedde & Doudet, 2011; 
Shurman et al., 2005). Social cognitive deficits refer to 
disabilities in processing and interpreting socioemotional 
information from the self or others, including disabilities 
in recognizing important social cues, inferring others’ 
mental states, appraising the social context and process, 
and interpreting and managing emotions in social situa-
tions (Eack et al., 2010). Regarding clinical assessments, 
the Emotion Evaluation Test (EET) from the Awareness of 
Social Inference Test (TASIT) has been used to rate social 
emotional states, including happiness, sadness, fear, dis-
gust, surprise, anger and neutrality (Mcdonald, Flanagan, 
Rollins & Kinch, 2003). Theory of mind (ToM) has been 
used to judge and understand others’ mental states, i.e., 
social perceptions (Henry, Cowan, Lee & Sachdev, 2015). 
Finally, the Interpersonal Perception Task-15 (IPT-15) has 
been used to measure personal perceptions (Costanzo & 
Archer, 1993).

Previous studies have reported that some behavioral 
addictions, such as pathological gambling, pathological 
kleptomania and pathological shopping, show similarities 
with substance addictions (Bosc, Fatseas, Alexandre, Alex-
andre & Auriacombre,2012; Grant, Odlaug & Kim, 2010; 
Kreitler & Kreitler, 2015). Further studies have indicated 
that substance use disorders, mainly including alcohol and 
drugs, are associated with cognitive dysfunction (Hagen et 
al., 2016). Methamphetamine is a central nervous system 
stimulant and exists as levomethamphetamine and dex-
tromethamphetamine. Both levomethamphetamine and 
dextromethamphetamine are neurotoxic and addictive. 
Methamphetamine is known to have a high addiction lia-
bility (i.e., compulsive methamphetamine use) and depen-
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dence  liability (i.e., occurrence of withdrawal  symptoms 
when methamphetamine use ceases). Methamphetamine 
dependence (MD) is a serious social and public problem 
(Karila, Petit, Cottencin & Reynaud, 2010). Heavy recre-
ational use of methamphetamines may have negative con-
sequences including reductions in grey matter volume in 
several brain regions and adverse changes in markers of 
metabolic integrity (Krasnova & Cadet, 2009).

Many studies have reported that individuals with IAD 
present neurocognitive deficits. For example, a previous 
study investigated whether the self-regulatory failure of 
IAD individual results from deficits in both inhibitory con-
trol and risk taking with losses, and the results suggested 
that both inhibitory control and reward functions are im-
paired in IAD individuals (Qi et al., 2016). Another study 
indicated that individuals with IGD are impaired in some 
aspects of inhibition and decision-making functions (Yao 
et al., 2015). Additionally, a previous study investigated the 
differences in neurocognitive function between individuals 
with IAD and alcohol dependence (Zhou et al., 2014). In 
that study, subjects included Internet-addicted individuals, 
patients with alcohol dependence and normal controls. All 
subjects performed the Wisconsin Card Sorting Test and 
digit span task under the same experimental conditions. 
The results revealed that Internet-addicted  individuals 
share executive dysfunctions and working memory impair-
ments with alcohol-dependent patients.

Methamphetamine  is a commonly used psychoactive 
substance that endangers many adolescents and youth in 
Asia Pacific countries and in the USA (Zhuang & Chen, 
2016; Courtney & Ray, 2014). Furthermore, Amphet-
amine-type stimulants are the second most commonly used 
class of illicit drugs worldwide (Courtney & Ray, 2014). 
Compared to other substances, such as cannabis or alco-
hol, the psychopathological characteristics of MD may be 
considered to represent those of psychoactive substances. 
Determining whether cognitive dysfunctions in IGD are 
similar to those in psychoactive substance dependence 
(such as MD) would be helpful for determining the ap-
propriate mental disorder category of IGD. To understand 
whether IGD is a mental health disorder, it is essential to 
compare the cognitive functions of individuals with IGD 
and with substance dependence. To date, although there 
has been one study focusing on executive function and 
working memory of individuals with IGD and alcohol 
dependence, no studies have compared neurocognitive 
function and social cognitive function between individuals 
with IGD and with substance dependence. Neuropsycho-
logical tests of neurocognition and social cognition have 
contributed to our understanding of the effects of IGD on 
cognitive function. Comparing neurocognition and social 
cognition between those with IGD and with substance de-
pendence could not only help guide decisions on whether 
IGD should be considered a type of mental disorder but 

could also play an important role in investigations of the 
neurobiological mechanisms of IGD. In the present study, 
participants included individuals with IGD, MD patients 
and normal controls (NCs). All participants were mea-
sured with the WCST, the digit span task, IGT and IPT-15. 
The purpose of this study was to examine whether indi-
viduals with IGD share similar neurocognitive dysfunction 
and social cognitive impairments as MD patients.

Materials and methods
Time and setting

The experiment was conducted in the Department of 
Psychiatry at Wuxi Mental Health Center of Nanjing Medi-
cal University, China, from May 2014 to March 2018.

Participants

IGD group.
The diagnostic criteria of the IGD group included the fol-

lowing: a) were aged ≥18 years old; b) met the IGD criteria 
of the DSM-5; c) did not meet the criteria of any DSM-5 axis 
I disorder or personality disorder based on the Structured 
Clinical Interview for DSM-5 (SCID-5) (First, 2015) (Chi-
nese version, which were translated into Chinese by authors 
of this study), which is a semi-structured interview guide for 
making the major DSM-5 diagnoses and it is administered by 
a clinician or trained mental health professional who is fa-
miliar with the DSM-5 classification and diagnostic criteria; 
d) were not smokers; and e) had no diagnosed alcohol or 
substance dependence(i.e., MD or other consumed drugs), 
neurological disorder, or any type of head injury or system-
ic disease that might affect the central nervous system. The 
IGD group was recruited from Wuxi Mental Health Center. 
Thirty subjects were recruited into the IGD group.

MD group.
The diagnostic criteria of the MD group included the 

following: a) were aged ≥18 years old; b) met the criteria 
of the DSM-5 for methamphetamine dependence; c) had 
cumulative intravenous methamphetamine use of over 
50.0 g; d) did not suffer from significant medical or neuro-
logical illnesses; e) were not smokers; and f) did not meet 
the criteria of any DSM-5 axis I disorder or personality 
disorder based on a structured clinical interview (Chinese 
version). All MD patients were in-patients at Wuxi Compul-
sory Isolated Detoxification Center, and they were all vol-
untary detoxification patients.

Normal Control (NC) group.
NCs were selected from citizens lived in Wuxi city, Ji-

angsu Province, China, and were recruited through local 
advertisements. NCs were excluded from the study if they 
were smokers or had a diagnosis of alcohol or substance 
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dependence, neurological disorder, or any type of head 
injury or systemic disease that might affect the central ner-
vous system. Thirty healthy subjects were recruited as NCs. 
Based on a previous IAD study (Zhou, Li &Zhu, 2013), we 
chose NCs who spent less than 2 h/day on the Internet. 
NCs were tested with the YDQ criteria modified by Beard 
and Wolf to confirm that they were not suffering from IAD. 

Diagnostic instruments
The duration of the IGD was confirmed via a retrospec-

tive diagnosis. Subjects were asked to recall their life styles 
when they were initially addicted to the Internet. To con-
firm that they were suffering from Internet addiction, we 
re-tested participants with the IGD criteria of the DSM-5. 
The reliability of the self-reported information provided by 
IGD subjects was confirmed by talking with their parents 
on the telephone. Individuals with IGD spent 11.50±2.10 
h/day on online activities (including only gaming). The 
number of days of Internet use per week was 6.32±0.60. 

All MD patients were determined by conducting urine 
screening. The total cumulative dose data were collected 
through a retrospective MD use report of MD patients, 
and abstinence period was confirmed by conducting urine 
screening. Thirty patients were recruited into the MD 
group, and all MD patients used the drug intravenously 
only. All MD patients did not consume other drugs. Ad-
ditionally, all MD patients spent less than 2 h/day on the 
Internet and were tested with the Young’s diagnostic ques-
tionnaire for Internet addiction (YDQ) criteria modified 
by Beard and Wolf to confirm that they were not suffering 
from IAD (Beard & Wolf, 2001).

Because both the use of methamphetamines for MD pa-
tients and the use of online games for IGD patients might 
affect performance on the tasks administered, we recruit-
ed MD patients and IGD patients who had been abstinent 

from this use as study subjects. At the start of the exper-
iments, a psychiatric resident gathered clinical informa-
tion on the samples. Their mood state were assessed with 
the Hamilton Depression Scale (HAMD, 17-item version) 
(Bech et al., 2010), which is used to measure the severity 
of depressive  symptoms  in participants, as well as Hamil-
ton Anxiety Scale (HAMA) (Maier, Buller, Philipp & Heu-
ser, 1988), which is used to measure the severity of anx-
ious symptoms in participants. All participants received a 
written informed consent form, were paid $31.75, and pro-
vided their own written informed consent to participate in 
this study. The Ethics Committee of Wuxi Mental Health 
Center of Nanjing Medical University, China, approved the 
protocol for the research project.

The demographic and clinical characteristics of the par-
ticipants are provided in Table 1. 

Neuropsychological tests

Neurocognition tasks.
Digit span task.
The Wechsler Adult Intelligence Scale-Revised China 

(WAIS-RC, computerized version), as described in detail 
previously (Zhou et al., 2014), was used to perform the dig-
it span task. In this task, the participants were told to listen 
to a series of numbers and to then repeat the numbers in 
the same order. The first series was three numbers. Each 
number was said in a monotone voice, one second apart. 
The participant then repeated the same numbers back to 
the test administrator. The next step was a series of four 
numbers, which the participant then repeated back. Sim-
ilarly, the series of numbers was increased to five and the 
participants repeated those numbers again. In this study, 
two main factors were used for the analysis:  forwards 
scores and  backwards scores.

Table 1. Demographic and clinical characteristics of participants.

IGD (n = 30) DM (n = 30) Controls Test statistic

Sex ratio (M/F, %) 53.3/46.7 43.3/56.7 30 (14/16) χ2 = 8.59. p = .42. NS

Mean age (SD) 22 (5) 22 (6) 22 (6) F (2.89) = 24.06. p = .87. η2 = 0.001; NS

Age range 18 - 27 18 - 27 18 - 27 -
Education (SD) 9 (3) 9 (3) 9 (3) F (2.89) = .34. p = .85. η2 = 0.001; NS

Addiction/dependence duration (month, 
SD) 34.5 (12.5) 40.7 (12.6) - -

Intravenous use - 100% - -

Total cumulative dose (g) - 286 (231) - -

Average daily dose (g) - 0.59 (0.40) - -

Abstinent period (days) 3 (4) 3 (3) - -

HAMD (SD) 13.3 (4.2) 14.0 (3.3) 6.7 (2.4) F (2.89) = 15.60. p = .029. η2 = 0.15; IGD and MD > Controls; IGD vs. MD. NS

HAMD (SD) 26.2 (4.6) 27.0 (4.5) 6.9 (3.4) F (2.89) = 10.41. p = .037. η2 = 0.18; IGD and MD > Controls; IGD vs. MD. NS

Note. IGD: Internet gaming addition disorder group. MD: Methamphetamine dependence group. M: male. F: female. SD: standard deviation. HAMA: Hamilton Anxiety 
Scale. HAMD: Hamilton Depression Scale. NS: not significant.
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IGT.
The IGT (computerized version), based on Shurman et 

al. and as previously described in detail (Shurman et al,, 
2005), was used to measure decision making. In this test, 
subjects are informed that they will be making a series of 
selections from four decks of cards. They are allowed to 
switch from deck to deck as often as they want, and the 
overall goal of the task is to maximize profit on a loan of 
$ 2000 of “play money.” After turning each card, the sub-
ject receives a certain amount of money. However, on some 
cards, the subject not only receives money but also pays 
a penalty. Specifically, turning any card from deck A or B 
yields $ 100, and turning any card from deck C or deck D 
yields $ 50. In deck A, the penalties are frequent and range 
from $ 100 to $ 350, while in deck B, the penalties are in-
frequent but are larger in magnitude ($ 1250). By picking 
preferentially from decks A and B, participants will incur 
a net loss over time. In deck C, the penalties are frequent 
and range from $ 25 to $ 75, while in deck D, the penalties 
are infrequent but of larger magnitude ($ 250). By picking 
preferentially from decks C and D, subjects will receive a 
net gain over time. In our study, choices of advantageous 
minus those from disadvantageous decks, mean amount of 
money earned, and number of cards chosen from decks A, 
B, C, and D were used for analysis.

Wisconsin card sorting test.
The WCST (computerized version VI), as previously 

described in detail (Zhou et al., 2014), was used to mea-
sure executive function. This task entails matching stim-
ulus cards with one of four category cards; the stimuli are 
multidimensional according to color, shape, and number, 
and each dimension determines a sorting rule. By trial and 
error, the participant has to determine the preordained 
sorting rule based on only the feedback on the screen after 
each sort. After 10 consecutive correct sorts, the rule chang-
es. The participant receives up to six attempts to derive a 
rule, providing five rule shifts in the following sequence 
(color – shape – number – color – shape number); each 
rule attainment was referred to as “completing a category.” 
The assessment continued until all 128 cards were sorted, 
regardless of whether the participant had determined all 
the rule shifts. In our study, five main types of results of the 
WSCT were used for the analysis:  total response errors; 
 percentage of conceptual level responses;  persevera-

tive errors;  number of categories completed; and  fail-
ure to maintain set. 

Social cognition task.
IPT-15.
The IPT-15 consists of a 20 - minute video of 15 naturalistic 

scenes, including one to four roles in each scene. The scenes 
last from 28 to 122 seconds. In each scene, there is a cor-
rect answer to a question about a role played in the scene. 
The scenes were edited into Chinese. Five different types of 
scenes were sampled on topics including kinship, intimacy, 
deception, competition, and status, with three scenes in each 
area. All participants were told to make assessments about 
the roles in the scenes. No additional description was given 
regarding the audiovisual conditions. All participants chose 
from two or three alternatives for each scene on a standard-
ized answer sheet. The IPT-15 was dubbed into Chinese by a 
professional dubbing company.

Statistical analysis
Data were calculated and analyzed using SPSS (SPSS, 

Chicago, IL, USA). The sex ratio of the IGD group, MD 
group and controls was analyzed with χ2 tests. One-way 
analysis of variance (ANOVA) was used to compare the 
HAMA and HAMD scores, age, education years, digit span 
task scores, IGT scores and WSCT results between the IGD, 
MD and Control group. Least square difference (LSD) 
tests were performed as post hoc analyses when indicated. 
Partial eta squared (η2) was used as the reporting measure 
of effect size for significant effects. Statistical significance 
was defined as P < 0.05.

Results
Comparisons of digit span task scores in the IGD 
group, MD group and Controls

One-way ANOVA of the forwards and backwards scores 
revealed a significant  main  effect of Group (IGD group, 
MD group and Controls). The forwards and backwards 
scores of the IGD group and MD group were significantly 
lower than those of Controls (for forwards scores, p = .015 
and p = .018; for backwards scores, p = .016 and p = .030), 
while the above two factors were significantly lower in the 
IGD group than in the MD group (for forwards scores, p = 
.021; for backwards scores, p = .026) (Table 2).

Table 2. Digit span scores (mean (SD)) in IGD group (n = 30), MD group (n = 30) and Controls (n = 30).

Variable IGD MD Controls Test statistic

Forwards scores 8.5 (2.1) *♀ 10.0 (1.8) * 13.3 (1.8) F (2.89) = 13.20. p = .019. η2 = 0.89

Backwards scores 8.3 (2.6) *♀ 10.1 (2.1) * 12.4 (2.3) F (2.89) = 4.59. p = .027. η2 = 0.68

Note. IGD: Internet game addition disorder group. MD: Methamphetamine dependence group. SD: standard deviation. *Compared IGD group and MD group to 
Controls, p < 0.05; ♀Compared IGD group toMD group, p< 0.05.
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Comparisons of IGT scores in the IGD group, MD 
group and Controls 

One-way ANOVA of participants’ choices from advanta-
geous minus those from disadvantageous decks, the mean 
amount of money earned, and the number of cards chosen 
from decks A, B, C, and D showed a significant main effect 
of Group (IGD, MD and Control group). Choices from the 
advantageous minus disadvantageous decks and the mean 
amount of money earned in the IGD and MD groups were 
significantly lower than those of Controls; the number of 
cards chosen from decks A and B was significantly higher 
in the IGD and MD groups than in Controls; and the num-
ber of cards chosen from decks C and D in the IGD and 
MD groups was significantly lower than that of Controls(-
for choices from advantageous minus disadvantageous 
decks, p = .001 and p = .029; for mean amount of money 
earned, p = .043 and p = .045; for number of cards chosen 
from deck A, p = .019 and p = .036; for number of cards 
chosen from deck B, p = .040 and p = .046; for number of 
cards chosen from deck C, p = .028 and p = .031; for num-
ber of cards chosen from deck D, p = .043 and p = .047).

Choices from the advantageous minus disadvantageous 
decks and the mean amount of money earned were signifi-
cantly lower in the IGD group than in the MD group (p = 
.001 and p = .025); the number of cards chosen from decks 
A and B in the IGD group was significantly higher than that 
of the MD group; and the number of cards chosen from 
decks C and D in the IGD group were significantly lower 

than that of the MD group (p = .035, p = .040, p = .042 and 
p = .041) (Table 3).

Comparisons of WCST scores in the IGD group, MD 
group and Controls 

One-way ANOVA of total response errors, percentage of 
conceptual level responses, perseverative errors, number 
of categories completed and failure to maintain set showed 
a significant main effect of Group (IGD, MD and Control 
group). Total response errors, perseverative errors and fail-
ure to maintain set were significantly higher in the IGD 
group and MD group than in Controls, and the number of 
categories completed and percentage of conceptual level 
responses in the IGD group and MD group were signifi-
cantly lower than those of Controls (for total response er-
rors, p = .031 and p = .022; for perseverative errors, p = .033 
and p = .039; for failure to maintain set, p = .020 and p = 
.028; for the number of categories completed, p = .041 and 
p = .033; for percentage of conceptual level responses, p = 
.013 and p = .018).

Total response errors, perseverative errors and failure 
to maintain set were significantly higher in the IGD group 
than in the MD group (p = .024, p = .031 and p = .025), 
and the number of categories completed and percentage 
of conceptual level responses of the IGD group were sig-
nificantly lower than those of the MD group (p = .035 and 
p = .039, respectively) (Table 4).

Table 3. IGT scores (mean (SD)) in the IGD (n = 30), MD (n = 30) and Control group (n = 30).

Variable IGD MD Controls Test statistic

Choices from advantageous minus 
disadvantageous decks 12.1 (11.6) *♀ 25.0 (14.2) * 32.6 (16.0) F (2.89) = 33.08. p = .001. η2 = 1.84

Mean amount of money earned 1917.8 (431.0) *♀ 2102.1 (452.3) * 2208.2 (483.1) F (2.89) = 7.18. p = .039. η2 = 0.70

Number of cards chosen from deck A 19.6 (5.2) *♀ 17.8 (5.1) * 15.5 (3.0) F (2.89) = 14.29. p = .025. η2 = 1.15

Number of cards chosen from deck B 25.5 (6.4) *♀ 22.1(3.3) * 19.5 (5.2) F (2.89) = 11.30. p = .018. η2 = 1.30

Number of cards chosen from deck C 25.2 (6.4) *♀ 28.3 (5.7) * 33.0 (6.1) F (2.89) = 4.25. p = .023. η2 = 1.28

Number of cards chosen from deck D 27.9 (7.2) *♀ 29.3 (5.0) * 32.8 (7.3) F (2.89) = 4.12. p = .024. η2 = 1.29

Note. IGD: Internet game addition disorder group. MD: Methamphetamine dependence group. SD: standard deviation. *Compared IGD group and MD group to 
Controls, p< 0.05; ♀Compared IGD group toMD group, p < 0.05.

Table 4. WCST data (mean (SD)) in the IGD group (n = 30), MD group (n = 30) and Controls (n = 30).

Variable IGD MD Controls Test statistic

Total response errors 36.0 (11. 1) *♀ 25.3 (12.0) * 17.9 (18.2) F (2.89) = 23.38. p = .001. η2 = 1.45

Percentage ofconceptual level responses (%) 50.1 (7.4) *♀ 57.9 (7.5) * 62.5 (8.0) F (2.89) = 6.56. p = .040. η2 = 0.76

Perseverative errors 23.3 (11.6) *♀ 16.8 (12.1) * 12.9 (10.1) F (2.89) = 16.30. p = .001. η2 = 1.21

Number of categories completed 5.6 (2.3) *♀ 6.2 (3.0) * 6.7 (3.0) F (2.89) = 10.31. p = .001. η2 = 1.34

Failure to maintain set 0.8 (0.5) *♀ 0.6 (0.7) * 0.4 (0.2) F (2.89) = 4.10. p = .012. η2 = 1.20

Note. IGD: Internet game addition disorder group. MD: Methamphetamine dependence group. SD: standard deviation. *Compared IGD group and MD group to 
Controls, p< 0.05; ♀Compared IGD group to MD group, p< 0.05.
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Comparisons of IPT-15 scores in the IGD group, MD 
group and Controls

One-way ANOVA of kinship, intimacy, deception, com-
petition, status and total scores of the IPT-15 revealed a 
significant main effect of Group (IGD group, MD group 
and Controls). The scores of the five factors mentioned 

above and total scores were significantly lower in the IGD 
group and MD group than in Controls (p = .019, p = .013, 
p = .024, p = .015, p = .036 and p = .011, respectively) but 
did not differ between the IGD group and MD group (all 
p> .05) (Table 5).

Table 5. IPT-15 data (mean (SD)) in the IGD group (n = 30), MD group (n = 30) and Controls (n = 30).

Variable IGD MD Controls Test statistic

Kinship 1.5 (0.9) * 1.6 (0.9) 2.5 (0.9) F (2.89) = 11.68.  p < .001. η2 = 1.27

Intimacy 1.6 (0.9) * 1.6 (0.6) 2.3 (0.7) F (2.89) = 14.88.  p < .001. η2 = 1.15

Deception 1.4 (0.8) * 1.3 (0.9) 2.5 (0.7) F (2.89) = 16.54.  p < .001. η2 = 1.14

Competition 1.7 (0.8) * 1.7 (0.7) 2.4 (0.9) F (2.89) = 19.10.  p < .001. η2 = 1.40

Status 1.3 (0.6) * 1.4 (0.8) 2.3 (0.7) F (2.89) = 17.64.  p < .001. η2 = 1.35

Total scores 7.3 (2.0) * 7.4 (2.7) 12.0 (2.3) F (2.89) = 29.66.  p < .001. η2 = 1.63

Note. IGD: Internet game addition disorder group. MD: Methamphetamine dependence group. SD: standard deviation 
*Compared IGD group and MD group to Controls, p< 0.05.

Discussion
This study is the first to test neurocognitive function and 

social cognitive function while including working memory, 
decision making, executive function and personal percep-
tion between individuals with internet gaming disorder 
and patients with methamphetamine dependence. In this 
research, working memory was assessed with the digit span 
task, decision making with the IGT, executive function with 
the WCST, and personal perceptions with the IPT-15. This 
study indicated that both individuals with IGD and patients 
with MD exhibited working memory impairments, deci-
sion-making dysfunction, executive defects and limitations 
in personal perceptions and that the neurocognitive and 
social cognitive impairments of individuals with IGD were 
similar to those of patients with MD.

Cognitive dysfunctions are commonly observed in indi-
viduals with psychiatric and addictive disorders. Because 
cognitive impairments are similar in addictive and other 
psychiatric disorders, improvements in cognitive impair-
ments have been proposed as a viable treatment target. 
IGD is currently not included as a type of mental disorder 
in the DSM-5 diagnostic system because of the lack of ade-
quate research data. To determine the neurobiological bas-
es of IGD, many neurocognitive and neuroimaging studies 
have been conducted in the past decade. These studies 
have indicated that on the neural circuitry level, IGD leads 
to neuroadaptation and structural changes, and on the be-
havioral level, IGD presents cognitive dysfunctions in some 
domains (Kuss & Griffiths, 2011). For example, one study 
examined resting-state functional connectivity of the insula 
and its association with Internet gaming characteristics in 

individuals with IGD and controls, and the results showed 
that individuals with IGD present significantly stronger 
resting-state functional connectivity between the posteri-
or insula and postcentral gyrus, precentral gyrus, supple-
mental motor area, and superior temporal gyrus (Zhang 
et al., 2015). Another study investigated the changes in 
functional and structural connections within the salience 
network in IGD patients using resting-state functional 
connectivity and diffusion tensor imaging tractography 
approaches, and the results showed the presence of dis-
turbed structural connectivity within the salience network 
in IGD adolescents; this change may be related to impaired 
cognitive control (Xing et al., 2014). Additionally, many 
studies have indicated that both patients with IGD and 
pathological gambling exhibit not only decreased sensitiv-
ity and enhanced reactivity to gaming and gambling cues 
but also enhanced impulsive choice behaviors and aber-
rant reward-based learning (Fauth-Bühler & Mann, 2017). 
A recent study reported that adolescents with  IGD  were 
more disturbed by emotional interference and had com-
promised dorsal anterior cingulate cortex activation based 
on a Stroop Match-to-Sample task (Lee et al., 2015). In 
addition, a previous study investigated cognitive biases 
and executive function involving mental flexibility and re-
sponse inhibition in IGD (Zhou et al., 2012). In that study, 
all participants performed the Internet game-shifting task, 
and the results revealed that IGD presented cognitive bi-
ases towards information related to Internet gaming and 
executive functioning skills (i.e., lower mental flexibility 
and response inhibition).
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In our study, individuals with IGD exhibited not only 
neurocognitive deficits but also social cognitive dysfunc-
tions. The findings regarding working memory impair-
ment, decision-making dysfunction, and executive deficits 
are similar to those of previous studies, further suggesting 
that neurocognitive impairment is a critical factor in IGD. 
In previous studies, no results on social cognition in IGD 
patients were reported. Our results on social cognitive im-
pairment increase the understanding of cognitive dysfunc-
tion in IGD.

It is well known that methamphetamine dependence is 
associated with cognitive  impairment, and improved cog-
nitive function  should thus be considered an important 
component of treating methamphetamine  dependence 
(Zhong et al., 2016; Morgan et al., 2014). Many studies 
have indicated that cognitive impairment is a key factor in 
methamphetamine  dependence. For example, one study 
investigated the differences in brain activation during a 
risky decision-making task and in resting-state function-
al connectivity within mesolimbic and executive control 
circuits between methamphetamine-dependent patients 
and controls (Kohno, Morales, Ghahremani, Hellemann 
& London, 2014); the results displayed that methamphet-
amine-dependent patients presented stronger connections 
in the ventral striatum but weaker connectivity in the right 
dorsolateral prefrontal cortex. Furthermore, methamphet-
amine-dependent patients exhibited greater resting-state 
functional connectivity of the midbrain with the putamen, 
amygdala, and hippocampus. Another study investigated 
whether exposure to  methamphetamine-related visual 
cues elicited craving and/or altered dual task  cognitive 
performance in methamphetamine-dependent patients, 
and the results showed that methamphetamine-dependent 
patients had cognitive  dysfunctions that were more pro-
nounced during exposure to  methamphetamine-related 
cues (Tolliver et al., 2012). 

Patients with methamphetamine  dependence exhibit-
ed social cognitive dysfunctions. A study applying a facial 
emotion recognition task and advanced ToM tasks evalu-
ated  social cognition  in MD patients and found that the 
performances of MD patients on the facial emotion rec-
ognition task and eye test were lower than those of con-
trols; that the performances of MD patients on the WCST 
were worse than those of controls; and that impairments 
in cognitive flexibility were correlated with impairments 
in facial emotion recognition and ToM in MD patients 
(Kim, Kwon, & Chang, 2011). Another study using facial 
affect recognition, ToM, executive function and memory 
investigated social cognitive function in MD patients. The 
results revealed that MD patients presented impairments 
in measures of facial affect recognition and ToM and that 
the magnitudes of these deficits were comparable or larg-
er than those observed on the cognitive measures (Henry, 
Mazur & Rendell, 2009). In our study, MD patients dis-

played both neurocognitive deficits and social cognitive 
dysfunction, and these findings are similar to those of pre-
vious studies. From a cognitive perspective, these results 
supported IGD as an addictive spectrum disorder. These 
findings also support the importance of cognitive dysfunc-
tion as a clinical symptom in MD, and improvements of 
cognitive dysfunction may be the critical index for the as-
sessment of therapeutic efficacy. Our results propose that 
the use of cognitive enhancers during abstinence that may 
promote a drug-free state by reversing cortical dysfunction 
linked with prolonged MD abuse.

Comparisons of neurocognitive and social cognitive 
function between IGD and MD are helpful to understand 
the pathogenesis and etiology of IGD. In this study, indi-
viduals with IGD exhibited neurocognitive deficits (work-
ing memory impairments, decision-making dysfunctions, 
executive defects) and social cognitive dysfunctions (per-
sonal perception limitations) that were similar to those of 
patients with MD. Our study suggests that both neurocog-
nitive and social cognitive dysfunction are a consequence 
of the “addiction”, and cognitive impairment is a predis-
posing factor for IGD and MD. Regarding the cognitive as-
pects, our results supported that IGD should be considered 
an addictive spectrum disorder.

Many previous studies have reported that both IGD and 
MD patients experience anxiety or depressive symptoms 
(Kuss & Griffiths, 2011; Zhou et al., 2012; Morgan et al., 
2014; Zhong et al., 2016). This finding suggests that anxi-
ety or depressive symptoms are a part of the clinical char-
acteristics of IGD and MD. In our study, although there 
were significant differences between patient groups (IGD 
and MD patients) and healthy controls in their scores on 
measures of anxiety and depression, these findings do not 
suggest associations with anxiety disorder or depressive 
disorder. In this study, there were several limitations. First, 
because only three aspects of neurocognition (working 
memory, decision making and executive function) and one 
aspect of social cognition (personal perception) were used 
to determine that the cognitive function of individuals with 
IGD was similar to those of patients with MD, this process 
did not assess overall cognition. Second, the IPT-15 was 
only dubbed into Chinese by a professional dubbing com-
pany and a Chinese version was not developed; therefore, 
the reliability and validity of the IPT-15 were influenced by 
social and cultural differences between Chinese and Amer-
ican populations. Finally, the results of this study are pre-
liminary given the small sample size. Further studies with 
complete Chinese versions of neuropsychological tests and 
larger sample sizes are needed to replicate these findings. 

Acknowledgments
We would like to thank to Dr. Chengcheng Feng and Dr. 

Yuanyaun Zhu.

ADICCIONES, 2020 · VOL. xx NO. xADICCIONES, 2020 · VOL. xx NO. x

8



Chenguang Jiang, Cui Li, Hongliang Zhou, Zhenhe Zhou

Funding Source
This study was supported by the National Natural Sci-

ence Foundation of China (NO. 81471354), through an 
award to Dr. Zhenhe Zhou, and by the Key Talents Proj-
ect Foundation for Medical and Health Services, Jiangsu 
Province (No. ZDRCC2016019), through an award to Dr. 
Zhenhe Zhou.

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.

References
Bech, P., Allerup, P., Gram, L. F., Reisby, N., Rosenberg, 

R., Jacobsen, O. & Nagy A.(2010). The hamilton de-
pression scale: evaluation of objectivity using logistic 
models.  Acta Psychiatrica Scandinavica, 63, 290-299. 
doi:10.1111/j.1600-0447.1981.tb00676.x.

Berre, A. P. L. & Sullivan, E. V. (2016). Anosognosia for 
memory impairment in addiction: insights from neuro-
imaging and neuropsychological assessment of metam-
emory. Neuropsychology Review, 26, 420-431. doi:10.1007/
s11065-016-9323-3.

Bobes Bascarán, M.T., Flórez, G., Seijo, P. & Bobes García, 
J. (2019). Does ICD-11 improve the epidemiological and 
nosological purposes of mental, behavioral and develop-
mental disorders? Adicciones, 31, 183-188. doi:10.20882/
adicciones.1368.

Bosc, E., Fatséas, M., Alexandre, J. M., Alexandre, J. M. 
& Auriacombe, M. (2012). Similarities and differ-
ences between pathological gambling and substance 
dependence: A clarification. Encephale, 38, 433-439. 
doi:10.1016/j.encep.2012.02.004.

Beard, K. W. & Wolf, E. M. (2001).Modification in 
the proposed diagnostic criteria for Internet ad-
diction. CyberPsychology &  Behavior, 4, 377–383. 
doi:10.1089/109493101300210286.

Byun, S., Ruffini, C., Mills, J. E., Douglas, A. C.,  Niang, 
M.,  Stepchenkova, S., ... Blanton, M. (2009). Internet 
addiction: metasynthesis of 1996-2006 quantitative re-
search. Cyberpsychology, Behavior and Social Networking, 12, 
203-207. doi:10.1089/cpb.2008.0102.

Corigliano, V., De, C. A., Trovini, G., Dehning, J., Di Pietro, 
S., Curto, M., … Comparelli, A. (2014). Neurocognition 
in schizophrenia: From prodrome to multi-episode ill-
ness. Psychiatry Research, 220, 129–134. doi:10.1016/j.
psychres.2014.07.067.

Costanzo, M. & Archer, D. (1993). The Interpersonal Percep-
tion Task-15 (IPT-15): A guide for researchers and teachers. 
Berkeley, CA: University of California Center for Media 
and Independent Learning.

Courtney, K. E. & Ray, L. A. (2014). Methamphetamine: 
an update on epidemiology, pharmacology, clinical 
phenomenology, and treatment literature. Drug and Al-
cohol  Dependence, 143, 11-21. doi:10.1016/j.drugalc-
dep.2014.08.003.

De Berardis, D., D’Albenzio, A., Gambi, F., Sepede, G., 
Valchera, A., Conti, C. M., …Ferro, F. M. (2009). Alex-
ithymia and its relationships with dissociative expe-
riences and Internet addiction in a nonclinical sam-
ple. CyberPsychology & Behavior, 12, 67–69. doi:10.1089/
cpb.2008.0108. 

Dol, K. S. (2016). Fatigue and pain related to Internet us-
age among university students. Journal of Physical Therapy 
Science, 28, 1233–1237. doi:10.1589/jpts.28.1233.

Eack, S. M., Greeno, C. G., Pogue-Geile, M. F., Newhill, 
C. E., Hogarty, G. E. & Keshavan, M. S. (2010). Assess-
ing social-cognitive deficits in schizophrenia with the 
Mayer-Salovey-Caruso Emotional Intelligence Test. 
Schizophrenia Bulletin, 36, 370-380. doi:10.1093/schbul/
sbn091.

Fauth-Bühler, M. & Mann, K. (2017). Neurobiological 
correlates of internet gaming disorder: Similarities to 
pathological gambling. Addictive Behaviors, 64, 349-356. 
doi:10.1016/j.addbeh.2015.11.004.

First, M. B. (2015). User’s Guide for the Structured Clinical 
Interview for DSM-5 Disorders- Clinician Version (SCID-
5-CV). User’s guide for the structured clinical interview 
for DSM-III-R.

Grant, J. E., Odlaug, B. L. & Kim, S. W. (2010). Kleptoma-
nia: clinical characteristics and relationship to substance 
use disorders. American Jounal of Drug and Alcohol Abuse, 
36, 291-295. doi:10.3109/00952991003721100.

Hagen, E., Erga, A. H., Hagen, K. P., Nesvåg, S. M., McKay, 
J. R., Lundervold, A. J. & Walderhaug E. (2016). Assess-
ment of Executive Function in Patients with Substance 
Use Disorder: A Comparison of Inventory- and Perfor-
mance-Based Assessment. Journal of Substance Abuse Treat-
ment, 66, 1-8. doi:10.1016/j.jsat.2016.02.010.

Henry, J. D., Cowan, D. G., Lee, T. & Sachdev, P. S. 
(2015). Recent trends in testing social cognition. Cur-
rent Opinion in Psychiatry, 28, 133-140. doi:10.1097/
YCO.0000000000000139.

Henry, J.D., Mazur, M. & Rendell, P.G. (2009). Social-cog-
nitive difficulties in former users of methamphet-
amine. British Journal of Clinical Psychology, 48, 323-327. 
doi:10.1348/000712609X435742.

Hunt, S. A. (2014). Change in Neurocognition in Peo-
ple with Co-occurring Alcohol Misuse and Depression: 
12-Month Follow-up. Journal of Addiction Research & Ther-
apy, S10, 004. doi:10.4172/2155-6105.S10-004.

Karila, L., Petit, A., Cottencin, O. & Reynaud, M. 
(2010). Methamphetamine dependence: Conse-
quences and complications. Presse Medicale, 9, 1246-
1253. doi:10.1016/j.lpm.2010.09.003.

ADICCIONES, 2020 · VOL. xx NO. xADICCIONES, 2020 · VOL. xx NO. x

9



Individuals with internet gaming disorder have similar neurocognitive impairments and social cognitive dysfunctions as 
methamphetamine-dependent patients

Kim, Y. T., Kwon, D. H. & Chang, Y. (2011). Impairments 
of facial emotion recognition and theory of mind in 
methamphetamine abusers. Psychiatry Research, 86, 80-
84. doi:10.1016/j.psychres.2010.06.027.

Ko, C. H., Yen, J. Y., Liu, S. C., Huang, C. F., & Yen, C. F. 
(2009).  The associations between aggressive behav-
iors and Internet addiction and online activities in 
adolescents.  Journal of Adolescent Health. 44, 598–605. 
doi:10.1016/j.jadohealth.2008.11.011. 

Kohno, M., Morales, A. M., Ghahremani, D. G., Helle-
mann, G.&London, E. D. (2014). Risky decision mak-
ing, prefrontal cortex, and mesocorticolimbic func-
tional connectivity in methamphetamine dependence. 
JAMA Psychiatry, 71, 812-820. doi:10.1001/jamapsychia-
try. \2014.399.

Krasnova, I. N. & Cadet, J. L. (2009). Methamphetamine 
toxicity and messengers of death. Brain Research Reviews, 
60, 379-407. doi:10.1016/j.brainresrev.2009.03.002.

Kreitler, S. & Kreitler, M. (2015). Substance Addictions and 
Process Addictions: is there a Difference? European Psy-
chiatry, 30, 1056. doi:10.1016/S0924-9338(15)30832-4.

Kuss, D. J. & Griffiths, M. D. (2011). Internet and gaming 
addiction: a systematic literature review of neuroimag-
ing studies. Brain Sciences, 2, 347-374. doi:10.3390/brain-
sci2030347.

Lee, J., Lee, S., Chun, J. W., Cho, H., Kim, D. J. & Jung, Y. 
C. (2015). Compromised Prefrontal Cognitive Control 
Over Emotional Interference in Adolescents with Inter-
net Gaming Disorder. Cyberpsychology, Behavior and Social 
Networking, 18, 661-668. doi:10.1089/cyber.2015.0231. 

Linnet, J., Moller, A., Peterson, E., Gjedde, A. & Dou-
det, D. (2011). Dopamine release in ventral striatum 
during Iowa Gambling Task performance is associat-
ed with increased excitement levels in pathological 
gambling. Addiction, 106, 383-390. doi:10.1111/j.1360-
0443.2010.03126.x.

Lisdahl, K. M., Wright, N. E., Medina-Kirchner, C., Maple, 
K. E. & Shollenbarger, S. (2014). Considering Cannabis: 
The Effects of Regular Cannabis Use on Neurocogni-
tion in Adolescents and Young Adults. Current Addictive 
Report, 1, 144-156. doi:10.1007/s40429-014-0019-6.

Maier, W., Buller, R., Philipp, M. & Heuser, I. (1988). The 
hamilton anxiety scale: reliability, validity and sensitiv-
ity to change in anxiety and depressive disorders.  Jour-
nal of Affective Disorders, 14, 61-68. doi:10.1016/0165-
0327(88)90072-9.

Masters, K. (2015). Social Networking Addiction among 
Health Sciences Students in Oman. Sultan Qaboos 
University Medical Journal, 15, 357-363. doi:10.18295/
squmj.2015.15.03.009. 

Mcdonald, S., Flanagan, S., Rollins, J. & Kinch, J. (2003). 
TASIT: A New Clinical Tool for Assessing Social Percep-
tion after Traumatic Brain Injury. The Journal of  Head 
Trauma Rehabilitation, 18, 219-238.

Moreno, M. A., Jelenchick, L., Cox, E., Young, H. & Chris-
takis, D. A. (2011). Problematic Internet Use among US 
Youth: A Systematic Review. Archives of Pediatrics & Ad-
olescent Medicine, 165, 797-805. doi:10.1001/archpediat-
rics.2011.58.

Morgan, E. E., Doyle, K. L., Minassian, A., Henry, B. L., Per-
ry, W., Marcotte, T. D. & Woods, S. P. (2014). Elevated 
intraindividual variability in methamphetamine depen-
dence is associated with poorer everyday functioning. 
Psychiatry Research, 220, 527-534. doi:10.1016/j.psy-
chres.2014.07.008.

Olle, B. (2011). Conceptions of Cognition for Cognitive 
Engineering. International Journal of Psychology, 21, 85-
104. doi:10.1080/10508414.2011.537561.

Qi, L. Nan, W. Jamie, T., Dai, W.,  Zheng, Y. & Liu, X. 
(2016). Problematic Internet Users Show Impaired In-
hibitory Control and Risk Taking with Losses: Evidence 
from Stop Signal and Mixed Gambles Tasks. Frontiers in 
Psychology, 7, e1143. doi:10.3389/fpsyg.2016.00370.

Shurman, B., Horan, W. P. & Nuechterlein, K. H. (2005). 
Schizophrenia patients demonstrate a distinctive pattern 
of decision-making impairment on the Iowa Gambling 
Task. Psychiatry Research, 72, 215-224. doi:10.1016/j.
schres.2004.03.020.

Sofuoglu, M., Devito, E. E,. Waters, A. J. & Carroll, K. 
M. (2016). Cognitive Function as a Trans-Diagnostic 
Treatment Target in Stimulant Use Disorders. Journal 
of Dual Diagnosis, 12, 90-106. doi:10.1080/15504263.20
16.1146383.

Spada, M.  M. (2014).  An overview of problematic Inter-
net use.  Addictive Behaviors. 39, 3-6. doi:10.1016/j.add-
beh.2013.09.007.

Tolliver, B. K., Price, K. L., Baker, N. L., LaRowe, S. D., Simp-
son, A. N.,  McRae-Clark , A. L.,…  Brady, K.T. (2012). 
Impaired cognitive performance in subjects with meth-
amphetamine dependence during exposure to neutral 
versus methamphetamine-related cues. American Journal 
of Drug and Alcohol Abuse, 38, 251-259. doi:10.3109/0095
2990.2011.644000. 

Uekermann, J. & Daum I. (2008). Social cognition in alco-
holism: a link to prefrontal cortex dysfunction? Addiction, 
103, 726–735. doi:10.1111/j.1360-0443.2008.02157.x.

Xing, L., Yuan, K., Bi, Y., Cai, C.,  Feng, D.,  Li, Y.,  Song, 
M.,… Tian, J. (2014). Reduced fiber integrity and cog-
nitive control in adolescents with internet gaming disor-
der. Brain Research, 1586, 109-117. doi:10.1016/j.brain-
res.2014.08.044.

Yao, Y. W., Wang, L. J., Yip, S. W., Chen, P. R., Li, S., Xu, 
J., … Fang, X. Y. (2015). Impaired decision-making un-
der risk is associated with gaming-specific inhibition 
deficits among college students with Internet gaming 
disorder. Psychiatry Research, 229, 302-309. doi:10.1016/j.
psychres.2015.07.004.

ADICCIONES, 2020 · VOL. xx NO. xADICCIONES, 2020 · VOL. xx NO. x

10



Chenguang Jiang, Cui Li, Hongliang Zhou, Zhenhe Zhou

Zhang, J. T., Yao, Y. W., Li, C. S. R., Zang, Y. F., Shen, Z. 
J.,  Liu, L.,  ... Fang, X. Y. (2015). Altered resting-state 
functional connectivity of the insula in young adults 
with Internet gaming disorder. Addictive Biology, 21, 743-
751. doi:10.1111/adb.12247. 

Zhong, N., Jiang, H., Du, J., Zhao, Y.,  Sun, H.,  Xu, 
D., … Zhao, M. (2016).The cognitive impairments and 
psychological wellbeing of methamphetamine depen-
dent patients compared with health controls. Progress in 
Neuro-Psychopharmacology and Biological Psychiatry, 69, 31-
37. doi:10.1016/j.pnpbp.2016.04.005.

Zhou, Z. H., Li, C. & Zhu, H. M. (2013). An error-related 
negativity potential investigation of response monitoring 
function in individuals with Internet addiction disorder. 
Frontiers in Behavioral Neuroscience, 7, 1-8. doi:10.3389/
fnbeh.2013.00131.

Zhou, Z. H., Yuan, G. Z. & Yao, J. J. (2012).Cognitive bias-
es toward Internet game-related pictures and executive 
deficits in individuals with an Internet game addiction. 
PloS One, 7, e48961. doi:10.1371/journal.pone.0048961. 

Zhou, Z. H., Yuan, G. Z., Yao, J. J., Li, C. & Cheng, Z. H. 
(2010). An event-related potential investigation of de-
ficient inhibitory control in individuals with patho-
logical Internet use. Acta Neuropsychiatra, 22, 228-236. 
doi:10.1111/j.1601-5215.2010.00444.x.

Zhou, Z., Zhou, H. & Zhu, H. (2016). Working memory, 
executive function and impulsivity in Internet-addic-
tive disorders: a comparison with pathological gam-
bling. Acta Neuropsychiatra, 28, 92-100. doi:10.1017/
neu.2015.54.

Zhou, Z., Zhu, H., Li, C. & Wang, J. (2014). Internet Ad-
dictive Individuals Share Impulsivity and Executive 
Dysfunction with Alcohol-Dependent Patients. Fron-
tiers in Behavioral Neuroscience, 8, 1-8. doi: 10.3389/fn-
beh.2014.00288.

Zhuang, S. M. & Chen, F. (2016). Chinese Adolescents 
and Youth with Methamphetamine Dependence: 
Prevalence and Concurrent Psychological Prob-
lems. Nursing Research, 65, 117-124. doi:10.1097/
NNR.0000000000000141.

Author Contributions
Conceived and designed the experiments: Zhenhe 

Zhou. Performed the experiments: Chenguang Jiang, Cui 
Li, Hongliang Zhou and Zhenhe Zhou. Analyzed the data: 
Chenguang Jiang, Cui Li, Hongliang Zhou and Zhenhe 
Zhou. Contributed reagents/materials/analysis tools: 
Chenguang Jiang, Cui Li, Hongliang Zhou and Zhenhe 
Zhou. Wrote the paper: Zhenhe Zhou. Read and approved 
the final manuscript: Chenguang Jiang, Cui Li, Hongliang 
Zhou and Zhenhe Zhou.

ADICCIONES, 2020 · VOL. xx NO. xADICCIONES, 2020 · VOL. xx NO. x

11


