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ABSTRACT

Background and aims: Internet gaming disorder (IGD) is associated with impaired inhibitory control
and more impulsive decision-making. However, it remains unclear whether these associations are cross-
sectional or predictive. We aimed to test the hypotheses that lower inhibitory control and more
impulsive decision-making correlate with, are predicted by and predict more time spent on gaming and
higher IGD severity. Methods: A stratified convenience sample of 70 male participants (18-21 years)
was recruited to achieve broad data variability for hours spent on gaming and IGD severity. In three
annual assessments (T1, T2, T3), we measured gaming behaviour and IGD severity using the Video
Game Dependency Scale (CSAS-II). Both gaming-related measures were correlates (T1), predictors
(T2), or outcomes (T3) of inhibitory control and decision making, which were assessed at T2 using a go/
no-go task and an intertemporal-choice task, respectively. Results: Higher IGD severity at T1 predicted
more impulsive decision-making at T2 (8 = 0.45, 95% CI = 0.14-0.76). Lower inhibitory control at T2
predicted more hours spent on gaming at T3 (8 = —0.13, 95% CI = —0.25 to —0.02). We found weak
or no evidence for the other associations. Discussion and conclusions: Lower inhibitory control predicts
more time spent gaming, possibly due to insufficient top-down regulation of the behaviour. Impulsive
decision-making is rather a consequence of IGD than a predictor, which may be due to altered reward
learning. One-dimensional etiological assumptions about the relationship between neurocognitive
impairments and IGD seem not to be appropriate for the complexity of the disorder.
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INTRODUCTION

Although impaired inhibitory control and impulsive decision-making are clearly associated

with substance-related and addictive disorders (ADs; e.g. Brand et al., 2019; Goldstein &

“Corresponding author. Volkow, 2011; Goschke, 2014; Redish, Jensen, & Johnson, 2008; van Holst, van den Brink,
E-mail: anja.kraeplin@tu-dresden.de Veltman, & Goudriaan, 2010), it remains unclear whether these associations are cross-
sectional or predictive. Internet gaming disorder (IGD) as a condition discussed as diag-

,j nostically and etiopathologically similar to other ADs such as gambling disorder has shown

Journals comparable neurocognitive impairments (Brand, Young, Laier, Wolfling, & Potenza, 2016;
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Fauth-Biihler & Mann, 2017; Petry et al., 2014). This study
aimed to investigate whether lower inhibitory control and
impulsive decision-making are only cross-sectionally asso-
ciated with IGD or whether both neurocognitive impair-
ments predict or are predicted by IGD.

Gaming has become a popular leisure activity worldwide,
especially since the introduction of online multiplayer games,
which combine social and competitive aspects (Nuyens et al.,
2016). However, a meta-analysis of 33 worldwide studies has
shown (using a conservative diagnosticapproach) that about 3 %
of all adolescents and young adults are diagnosed with IGD
(Ferguson, Coulson, & Barnett,2011). This estimate is consistent
with recent research from Germany, where the current study was
also conducted, which examined a representative sample of ad-
olescents and estimated a prevalence of 3.5% (Wartberg, Kriston,
& Thomasius, 2020). According to the eleventh revision of the
International Classification of Diseases (ICD-11; World Health
Organization, 2019), the clinical syndrome of IGD is charac-
terised by aloss of behavioural control over gaming, an increased
priority given to gaming over other interests and activities, and
the continuation or escalation of gaming despite negative con-
sequences. Substantial evidence for its clinical and public health
relevance has led to the inclusion of IGD as a mental disorder in
theICD-11andin Section 3 (‘Conditions for further study’) of the
fifth revision of the Diagnostic and Statistical Manual of Mental
Disorders (DSM 5; American Psychiatric Association (APA),
2013).

Given the rapid increase in Internet gaming, clarifying
the underlying processes of IGD is important for developing
effective intervention and prevention strategies. Several
addiction models assume that dysfunctional changes in
valuation systems and impaired cognitive control networks
are two important mechanisms involved in ADs (e.g. Bickel
et al,, 2019; Goldstein & Volkow, 2011; Goschke, 2014; van
Holst et al., 2010; Wiers, Gladwin, Hofmann, Salemink, &
Ridderinkhof, 2013). As markers for these neurocognitive
impairments, these studies focused on impulsive decision-
making, i.e. the preference for immediate smaller rewards to
the detriment of long-term rewards, and lower inhibitory
control, i.e. a generally reduced ability to inhibit motor re-
sponses, both of which have been discussed as candidates for
objective vulnerability markers of AD with and without
substance use (Grant & Chamberlain, 2014). Accordingly,
aetiological models of IGD and other behavioural addictions
assume that lower inhibitory control and impulsive deci-
sion-making are also involved in the development and
maintenance of IGD (Brand et al,, 2019; Dong & Potenza,
2014). These assumptions are supported by previous cross-
sectional case-control studies that show that IGD is associ-
ated with impaired task performance and/or functional
alterations in brain regions in tasks measuring general
inhibitory control, which are primarily go/no-go or stop-
signal tasks (e.g. Irvine et al., 2013; Zheng et al., 2019; for
meta-analyses of other studies see Argyriou, Davison, & Lee,
2017; Yao et al., 2017), and tasks measuring impulsive de-
cision-making, which are primarily intertemporal choice
paradigms (e.g. Irvine et al., 2013; Wang, Wu, Wang, et al,,
2017; Wang, Wu, Zhou, et al., 2017; Zheng et al., 2019; for

general overviews see Dong & Potenza, 2014; Fauth-Biihler
& Mann, 2017; Salvarli & Griffiths, 2019).

Given the small number of longitudinal studies, it remains
unclear whether lower general inhibitory control and more
impulsive decision-making predict the course of IGD, are
correlates of IGD, or whether IGD leads to neurocognitive
changes that result impaired inhibitory control and decision-
making. The I-PACE model assumes that IGD and other
addictive behaviours develop as a consequence of interactions
between predisposing variables, affective and cognitive re-
sponses to specific stimuli, and impaired executive functions,
such as inhibitory control and decision-making (Brand et al.,
2019). The cognitive-behavioural model of IGD by Dong and
Potenza (2014) also includes inhibitory control and decision-
making as two important domains that are altered in IGD.
According to these models, lower general inhibitory control
and more impulsive decision-making predict the develop-
ment of IGD and are also symptoms during the course of
IGD, which lead to unsuccessful attempts to control Internet
gaming use. A generally lower inhibitory control may increase
the risk for IGD and relapse because of an insufficient top-
down regulation of attention, emotion and behaviour by long-
term goals and an impaired ability to inhibit (cue-triggered)
habitual, impulsive and reward-seeking responses (Brand et
al,, 2019; Dong & Potenza, 2014; Goschke, 2014). A generally
increased impulsive decision-making may heighten the risk
for IGD and relapse because immediate gratification by
gaming is overvalued at the expense of long-term health,
social and educational benefits (Brand et al,, 2019; Dong &
Potenza, 2014; Goschke, 2014). However, a lack of longitu-
dinal studies on the relevance of inhibitory control and de-
cision-making for the onset and course of IGD has been
highlighted (Brand et al,, 2019; Dong & Potenza, 2014). First
evidence for a predictive relationship between impulsivity and
later IGD was obtained from a longitudinal study in adoles-
cents, which showed that heightened self-reported impulsivity
is positively related to the current number and later pro-
gression of IGD symptoms (Gentile et al., 2011). Although
there is some conceptual overlap between trait impulsivity,
general inhibitory control and impulsive decision-making,
there is strong evidence that these are subfacets of one
construct or even distinct constructs (Aichert et al., 2012;
Dick et al., 2010). Therefore, additional longitudinal studies
using laboratory-based tasks to assess inhibitory control and
impulsive decision making are needed to find out whether
comparable predictive associations with IGD are evident.

So far, it remains open whether lower inhibitory control
and more impulsive decision-making are both simultaneously
and predictively associated with IGD. In addition, a further
hypothesis could be that lower inhibitory control and more
impulsive decision-making may develop as a consequence of
someone living mainly in the dynamic, high-frequent and
immediately rewarding environment of Internet games. We
addressed this open research question in a prospective-lon-
gitudinal study and complemented the study of Gentile et al.
(2011) by assessing IGD severity before, simultaneously and
after general inhibitory control and impulsive decision-mak-
ing, which were measured with experimental tasks. In
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Fig. 1. Flow chart of the study with the recruitment phase and the three annual assessments (T1, T2, T3)

addition, we distinguished between IGD severity as an indi-
cator of clinical severity and gaming time as an indicator of
engagement, as they had been shown to be differently asso-
ciated with inhibitory control and decision-making, with
cross-sectional findings suggesting a stronger relationship
with clinical severity (Amlung, Vedelago, Acker, Balodis, &
MacKillop, 2017; Smith, Mattick, Jamadar, & Iredale, 2014)
and first longitudinal evidence suggesting a stronger predic-
tive relationship with engagement (Fernie et al., 2013; Gus-
tavson et al., 2017; Kraplin, Joshanloo, et al,, in revision; Nigg
et al., 2006; Wilens et al., 2011).

In sum, three hypotheses were tested in the current
study: (i) lower general inhibitory control and more
impulsive decision-making are cross-sectionally associated
with more time spent on gaming and a higher IGD severity
(Hypothesis 1: simultaneous association), (ii) lower inhibi-
tory control and more impulsive decision-making are
retrospectively associated with earlier more time spent on
gaming and a higher IGD severity (Hypothesis 2: retro-
spective association) and (iii) lower inhibitory control and
more impulsive decision-making are predictively associated
with later more time spent on gaming and a higher IGD
severity (Hypothesis 3: predictive association).

METHODS

Design

Data collection for this project was conducted from 2010 to
2014 at the Criminological Research Institute of Lower
Saxony, Germany (KFN) and focused on the personality and
clinical characteristics of a sample with different degrees of
IGD severity and their development over time'. Thorough
diagnostic interviews were carried out at three time points to
assess axis I disorders according to DSM-1V, focussing on
the stability of IGD and its relationship to social, psycho-
pathological and personality factors. As cooperation between

"Data collection was part of the dissertation project of Dr Eva-Maria Kraft,
which was part of the project ‘Computerspiel-und Internetabhingigkeit:
Diagnostik, Atiopathogenese, Therapie und Privention’ [Computer game
and internet addiction: diagnostics, aetiopathogenesis, therapy and preven-
tion] at the KFN. Hypotheses and data analyses for this paper were inde-
pendent of the dissertation project.

the KEN and the Technische Universitat Dresden, Germany,
two behavioural paradigms from our lab were implemented
at the second time point of the survey to assess inhibitory
control and decision-making (see Fig. 1). For the purpose of
this paper, only the measures and data on IGD severity,
gaming behaviour, inhibitory control and decision-making
are described in detail.

Participants and procedure

A convenience sample of 70 male participants aged between
18 and 21 years was recruited at baseline (Table 1). The
educational level of the participants was comparable to the
German average. The preferred games were (first-person)
shooter games (e.g. Counter-Strike), massively multiplayer
online role-playing games (MMORPG, e.g. World of War-
craft) and multiplayer online battle arena games (MOBA,
e.g. League of Legends). Recruitment was carried out with
flyers posted in vocational schools and universities, at sup-
port organizations and outpatient treatment centres for IGD,
and with postings in gaming-related chatrooms. Interested
participants took part in a paper-pencil or online screening,
including a screening on IGD severity and gaming behaviour
(n = 2,313). A total of 1,092 persons were available as po-
tential interview partners, as many interested participants
did not provide contact details or only partially completed
the questionnaire. Stratified sampling was used to achieve
broad data variability for IGD severity and number of hours
spent on gaming: about one third each with (a) regular
gaming time (1-4.5 hours/day) but without IGD, (b)
increased gaming time (>4.5 h/day) and at risk for IGD and
(c) increased gaming time and probable IGD (for IGD
definition, see subsection ‘Measures’). Seventy participants
were included and invited to three annual surveys (T1, T2,
T3) to assess IGD severity, gaming behaviour and - for T2
only - decision-making and inhibitory control (Fig. 1). The
dropout rate was low, as 87% of the participants at baseline
took part again after two years.

MEASURES

Gaming behaviour and IGD severity

IGD severity was assessed with the Video Game Dependency
Scale (abbreviated as CSAS-II for the second version of the
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Table 1. Participant characteristics for each of the three annual assessments (T1, T2, T3)

T1 T2 T3
Baseline FU 1 year FU 2 years

n (all male) n (%) 70 64 (91%) 61 (87%)
Age Mean (SD) range 18.90 (1.07) 18-21 20.27 (1.09) 19-22 21.28 (1.08) 20-23
Abitur® n (%) 16 (23%) 20 (31 %) 30 (49%)
Living in partnership n (%) 29 (41%) 27 (44%) 29 (48%)
Household with parents n (%) 30 (43%) 22 (36%) 17 (28%)
Most preferred games

(First-person) Shooter n (%) 21 (30%) 14 (20%) 13 (19%)

MMORPG 15 (21%) 8 (11%) 7 (10%)

MOBA 8 (11%) 15 (21%) 17 (25%)

Note: SD = standard deviation; FU = Follow-up; MMORPGs = massively multiplayer online role-playing games; MOBA = multiplayer

online battle arena; IGD = Internet gaming disorder.
“German university entrance qualification.

German ‘Computerspielabhangigkeitsskala’; Rehbein, Klei-
mann, & MoBle, 2010; for an overview see King, Haagsma,
Delfabbro, Gradisar, & Griffiths, 2013). Participants were
instructed to respond to 14 items based on their gaming
behaviour within the last 12 months and rated each item on
a four-point scale: 1 = strongly disagree, 2 = somewhat
disagree, 3 = somewhat agree, 4 = strongly agree. The
CSAS-II* measures preoccupation, loss of control, conflicts,
withdrawal symptoms and tolerance. This scale shows
convergent validity with sleep difficulties, lower activity
levels and suicidal thoughts and adequate criterion validity
(r = 0.59) with self-reported gaming activity (Rehbein et al.,
2010). The CSAS-II has a Cronbach’s alpha of .92 and the
items have a high item difficulty and a high discrimination
value (Rehbein et al., 2010). Based on these previous results
regarding the high internal consistency of the scale, we
decided to use the total score of the CSAS-II as operation-
alization for IGD severity. The cut-off score for ‘at risk for
IGD’ is a total score of 35 and for ‘probable IGD’ it is 42. The
CSAS-II was used in the paper-pencil or online screening
version at T1” and in the personal interviews at T2 and T3 to
assess IGD severity over the last 12 months. In order to
determine gaming time and the three most preferred games,
questions on gaming behaviour were included in the per-
sonal interviews at T1, T2 and T3.

Inhibitory control

Lower inhibitory control was defined a reduced ability to
inhibit motor responses. As a well-established paradigm to
assess this construct, a go/no-go task was used. We applied a
proven go/no-go task from our lab, for which basic task
effects have already been confirmed Beck et al., 2016. In 300
trials, participants were instructed to respond as fast as
possible to the letter ‘M’ (go trials), but to withhold their
response to the letter ‘W’ (no-go trials). In 20% randomly
selected trials, no-go stimuli were presented. After a fixation

“Please note that for six participants (from the first assessed school), one
item of the CSAS-II was missing for the calculation of the total score
(‘withdrawal’ item) due to a mistake of the experimenter.

cross of 300 milliseconds (ms), the letters were presented for
150 ms at the centre of the screen. The intertrial interval
varied randomly between 1,250 and 1,750 ms. Error rates
and reaction times were combined to inverse efficiency
scores (IES; Bruyer & Brysbaert, 2011) to account for indi-
vidual differences in the balance of the speed-accuracy trade-
off (Bogacz, Wagenmakers, Forstmann, & Nieuwenhuis,
2010). Reaction times for error trials and trials immediately
following errors were excluded. Reaction times below 100
ms and deviating from the median by more than 3.32 me-
dian absolute deviations were also excluded (Wilcox &
Keselman, 2003). Higher IES indicate lower inhibitory
control, i.e. higher error rates and/or slower reaction times.
For better interpretation, the IES were reversed so that
higher scores always indicate higher inhibitory control (ac-
cording to Wolff et al., 2016).

Impulsive decision-making

Impulsive decision-making was defined as the preference for
immediate smaller rewards to the detriment of long-term
rewards, which is also termed as higher delay-discounting or
lower delay of gratification. To measure impulsive decision-
making, we used an already validated intertemporal choice
task from our lab Kraplin et al., 2014. In 192 trials, partic-
ipants were instructed to choose between a smaller monetary
gain delivered sooner and a larger monetary gain delivered
later. The sooner/smaller gain was randomly selected from a
pool of items with a mean value of 20 euros, a standard
deviation of two euros, and a range between 17 and 23 euros.
The value of the later/larger reward was obtained by
increasing the sooner/smaller reward by 1, 3.5, 7, 12, 18, 27,
40, or 80%. The time delay for the sooner/smaller reward
was either ‘now’, in 7, or in 14 days and the later/larger
reward was additionally delayed by 1, 2, 3, 5, 7, 9, 12, or 15
days. All participants were instructed to respond to the
hypothetical choices as if they were real choices. The values
of the rewards and the time delays were systematically varied
to determine the indifference points for each participant.
These points represent the subjective equivalence between
the immediate and delayed rewards. For each subject a hy-
perbolic function was fitted to the indifference points over
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the different delay intervals (Mazur, 1987). Our dependent
variable was the extracted k parameter of each hyperbolic
function. A higher k value indicates steeper discounting of a
delayed reward and more impulsive decision-making.

Statistical analysis

The visual inspection of our data revealed that neither the
IGD severity and gaming time nor the IES (go/no-go task)
and k-values (intertemporal choice task) were normally
distributed and that some participants showed extreme
values in the task outcomes, which we did not want to
exclude because they were plausible given our previous
experience with these tasks in clinical and healthy samples
(for data distributions, see Fig. S1 in the supplemental ma-
terial). Therefore, we applied robust regression analyses for
hypotheses testing, since robust estimates of the model pa-
rameters and standard errors have been strongly recom-
mended for clinical and experimental data, which usually
violate the assumptions of common statistical methods
(Field & Wilcox, 2017). Robust regression also accounts for
residuals with different variances and extreme values that
would otherwise have a strong impact on results (narrowing
the scope of a mean effect results). We tested three hy-
potheses: (i) lower general inhibitory control and more

impulsive decision-making are cross-sectionally associated
with more time spent on gaming and a higher IGD severity,
(ii) lower inhibitory control and more impulsive decision-
making are retrospectively associated with earlier more time
spent on gaming and a higher IGD severity and (iii) lower
inhibitory control and more impulsive decision-making are
predictively associated with later more time spent on gaming
and a higher IGD severity. Separate regression models were
performed for each IGD measure, i.e. gaming time and IGD
severity and each neurocognitive measure, i.e. inhibitory
control (IES from the go/no-go task) and impulsive deci-
sion-making (k value from the intertemporal choice task,
Fig. 2). Regression model 1 (M1) tested Hypotheses 1, i.e. the
simultaneous association between gaming time or IGD
severity at T2 and the IES or k values at T2. Regression
model 2 (M2) tested Hypothesis 2, i.e. the retrospective as-
sociation between gaming time or IGD severity time at T1
and the IES or k values at T2. It was important to control for
gaming time or IGD severity at T2 to obtain the ‘pure’
retrospective relationships. Regression model 3 (M3) tested
Hypothesis 3, i.e. the predictive association between the IES
or k values at T2 and the gaming time or IGD severity at T3.
Again, it was controlled for gaming time or IGD severity at
T2 to obtain the pure predictive relationships. In all

Hypothesis 1: simultaneous associations

Hypothesis 2: retrospective associations

Control
variable

Hypothesis 3: predictive associations

Control
variable

Fig. 2. Schema of the study time points, predictors and outcomes according to the three hypotheses.
Note: M = Robust regression models for hypotheses testing
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regression models we additionally controlled for age and
school type at T2 (at the time of task performance), since
lower age and lower school graduation are theoretically and
empirically associated with lower general inhibitory control
and more impulsive decision-making (Liu et al, 2019
Reimers, Maylor, Stewart, & Chater, 2009). Except for
descriptive data, we report the z-standardized values for
regression analysis results for better interpretation of results.
All statistical analyses were conducted using Stata 15.1 (Stata
Corp., 2019). Our hypotheses have not been pre-registered.
For reasons of research transparency, the primary data and
the Stata do files of the analyses can be downloaded from the
Open Science Framework (OSF) under https://osf.io/3hp7k.

Ethics

The study procedures were carried out in accordance with
the Declaration of Helsinki. The Ethics Committee of the
German Society for Psychology (DGPs) approved the study
(Reference number ‘Moessle122010°). All participants were
informed about the study and all provided written informed
consent.

RESULTS

Internet gaming disorder

Descriptive data for IGD severity and gaming hours are
shown in Table 2. Over time, there was an overall significant
decrease in IGD severity (F(1.65, 100.04) = 75.73, P <
0.001), which was significant for the post-hoc contrasts be-
tween T1 and T2 (t = —7.53, P < 0.001) and between T2 and
T3 (t = —12.16, P < 0.001). There was also a significant
overall decrease in hours spent gaming (F(1.60, 97.07) =
13.07, P < 0.001) and the post-hoc contrasts showed sig-
nificant differences between T1 and T2 (t = —2.62, P =
0.01) and between T2 and T3 (t = —5.11, P < 0.001). While
16 participants (22%) were screened as probable having an

IGD according to the CSAS-II at T1, 2 were positively
screened at T2 and 0 at T3.

Inhibitory control

Descriptive data for the go/no-go task are shown in Table 2.
The mean false alarm rate was 19% (SD = 18%) and the
mean go-reaction time was 344.33 ms (SD = 53.73ms). The
results of the hypotheses testing for inhibitory control are
shown in Fig. 3. Further details for the robust regression
models can be found in the supplemental material (Table S1;
results of the ordinary linear regression are shown in
Table S2). The robust regression model 3 (M3) revealed a
significant prospective association between lower inhibitory
control at T2 and more hours spent on gaming one year
later at T3 (8 = —0.13, P = 0.03). The confidence interval
was closely to 0, which suggests small associations (95%CI =
—0.25-0.02). There were no other significant associations. In
summary, we found evidence that lower inhibitory control is
predictively associated with an increased amount of time
spent on gaming after one year.

Decision-making

Descriptive data for the intertemporal choice task are shown
in Table 2. The mean ratio of sooner/smaller choices was
40.15% (SD = 23.26%). Results of the hypotheses testing for
decision-making are shown in Fig. 4. Detailed results of the
robust regression models can be found in the supplemental
material (Table S1; results of the ordinary linear regression
are shown in Table S2). The robust regression model 1 (M1)
revealed a significant retrospective association between
increased IGD severity at T1 and steeper delay discounting
one year later at T2 (8 = 0.45, P = 0.03). The confidence
interval for this association suggested small to large associ-
ations (95%CI = 0.14-0.76). There were no other significant
associations. In summary, we found evidence that more
impulsive decision-making is retrospectively associated with
more IGD symptoms one year ago.

Table 2. Descriptive data of the study variables by time points

T1 T2 T3
Baseline FU 1 year FU 2 years
n (all male) n (%) 70 64 (91%) 61 (87%)
IGD severity® Mean (SD) 34.14 (8.45) 25.84 (7.16) 20.75 (5.60)
range 19-51 14-43 14-38
Hours spent on gaming per day Mean (SD) 4.21 (3.11) 3.39 (2.22) 2.40 (2.06)
range 0-14° 0-10 0-9
General inhibitory control in go/no-go task
Inverse efficiency score (milliseconds) Mean (SD) - 447.74 (131.62) -

Impulsive decision-making in intertemporal choice task
k value Mean (SD)

- 0.06 (0.04) -

Note: SD = standard deviation; FU = Follow-up; IGD Internet gaming disorder.
*Measured with the Video Game Dependency Scale (CSAS-II). The CSAS-II sum scores (see subsection Measures) range from 14 to 56, cut-

off >35 for ‘at risk for IGD’, cut-off > 42 for ‘probable IGD’.

PFor T1, it should be noted that the CSAS-II was measured within the paper-pencil or online screening while the gaming time was measured
in the personal interview, which took place on average eight weeks later (range from 1 to 24 weeks). The (current) gaming time from the
interview may therefore contradict the IGD severity from the CSAS-IIs, e.g. if someone has successfully restricted the gaming time in the
meantime. This is no issue for our analyses, because separate analyses were performed for gaming time and IGD severity.
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(A) Internet gaming disorder severity

Mi: =-0.07
(C1-0.19-0.05)

Hypothesis 2: retrospective association

Control
variable

(B) Gaming time

Hypothesis 1: simultaneous association

M1:$=-0.03
(CT-0.14-0.08)

Hypothesis 2: retrospective association

Control
variable

Control
variable

Fig. 3. Overview of the results for the three (independent) robust regression models (M1 to M3) to test the associations between
(A) IGD severity or (B) gaming time across the three annual assessments (T1 to T3) and inhibitory control at T2.
Note. Predictors and outcomes were both z-standardized, yielding standardized regression coefficients that have the same
range as correlations. Bold numbers indicate significant associations at P < 0.05.
IGD = Internet gaming disorder; CI = 95% confidence interval.

DISCUSSION

As one of few studies with a prospective longitudinal design,
we tested whether lower general inhibitory control and more
impulsive decision-making are simultaneously, retrospec-
tively and prospectively associated with more time spent on

(A) Internet gaming disorder severity

Hypothesis 1: simultaneous association

Mi: g=-0.11
(CI -41-0.20)

Hypothesis 2: retrospective association

Control
variable

Control
variable

gaming and a higher IGD severity. We found evidence that
lower general inhibitory control is predictively associated
with more gaming behaviour one year later and that more
impulsive decision-making is retrospectively associated with
a higher IGD severity one year ago. However, we found only
weak or no evidence for the other associations.

(B) Gaming time

M1: p=0.01
(C1-26-0.29)

Hypothesis 2: retrospective association

Control
variable

Control
variable

Fig. 4. Overview of the results for the three (independent) robust regression models (M1 to M3) to test the association between (A) IGD
severity or (B) gaming hours over the three annual assessments (T1 to T3) and impulsive decision-making at T2.
Note. Predictors and outcomes were both z-standardized, yielding standardized regression coefficients that have the same range
as correlations. Bold numbers indicate a significant association at P <0.05.
IGD = Internet gaming disorder; CI = 95% confidence interval.
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Over the three assessment time points of our study, we
found strong evidence for an overall decrease in time spent on
gaming and IGD severity. This is in line with previous studies
showing a high rate of spontaneous remission in the natural
course of IGD and raises the important question of which
factors contribute to the course of IGD (Ko, Yen, Yen, Lin, &
Yang, 2007; Lau, Wu, Gross, Cheng, & Lau, 2017; Wartberg &
Lindenberg, 2020). In line with our hypothesis, we found
evidence that a lower general inhibitory control is predictively
associated with more time spent on gaming one year later, but
there was weak or no evidence that inhibitory control is
associated with the past or current gaming time or IGD
severity. Impaired general inhibitory control may play a more
important role in unsuccessful attempts to control or stop the
gaming behaviour than in the reduction of IGD symptoms.
This underlines the assumption of several models on ADs
that over the course (in our specific case) of IGD behavioural
control by general inhibitory mechanisms becomes more
difficult and individuals are less able to inhibit desires and
reward-seeking behaviour, which results in more habitual and
impulsive gaming (e.g. Brand et al,, 2019; Dong & Potenza,
2014; Goldstein & Volkow, 2011; Goschke, 2014). This
assumption is further supported by results from previous
longitudinal studies that consistently found evidence that
lower cognitive control abilities predict the amount of sub-
stance use and substance-related problems, but found weak
evidence for predictive associations with substance-related
AD symptoms (Fernie et al., 2013; Gustavson et al., 2017;
Kraplin, Joshanloo, et al., in revision; Nigg et al., 2006; Wilens
et al., 2011). In contrast to these studies on the course of
substance-related ADs, one of few longitudinal studies on the
course of IGD showed that heightened trait impulsivity was
positively associated with the progression of IGD symptoms
(Gentile et al., 2011). However, there is strong evidence that
trait impulsivity and general inhibitory control are subfacets
of one construct or even distinct constructs (Aichert et al.,
2012; Dick et al, 2010). In contrast to general inhibitory
control, self-reported trait impulsivity may also include a self-
evaluation of one’s current gaming behaviour, which is
probably the best predictor for future gaming behaviour.
Concerning cross-sectional evidence of the association be-
tween lower inhibitory control and IGD, a meta-analysis
found overall medium group differences between participants
with IGD and healthy controls in tasks measuring response
inhibition (Argyriou et al., 2017). These studies were based on
case-control designs that compared performance between
IGD patients or participants who were positively screened for
IGD and healthy controls in response inhibition tasks.
Compared to these studies, we were interested in linear as-
sociations between inhibitory control and the natural course
of IGD severity and the amount of gaming time. We also
observed an overall decrease of IGD severity and gaming
hours over time, with 22% of cases screened positive for IGD
at baseline compared to zero cases after three years. The linear
association between general inhibitory control and IGD may
be stronger in individuals above a clinically meaningful
threshold, which would explain the stronger effects in previ-
ous case-control studies compared to our study. Another

aspect to be discussed is that we investigated general response
inhibition using a behavioural task without game-related
contexts. According to the I-PACE model, stimulus-specific
inhibitory control may be more important than general in-
hibition abilities in the later stages of addiction processes
(Brand et al, 2019). General inhibitory control might be
important for the amount of time spent on gaming itself,
while context-specific inhibitory control is more important
when conflicts between a cue-triggered desire to game and
superordinate goals such as academic achievements or social
roles are involved (Brand et al., 2019).

Regarding decision-making, results revealed evidence
that IGD severity is associated with a later steeper delay
discounting, whereas weak or no evidence was found for
associations with the current or later IGD severity or gaming
time. These results are consistent with a longitudinal study
from our lab that showed evidence that delay discounting
rather predicts substance-related symptoms than behav-
ioural addiction symptoms after one year (Kraplin et al,
2020). To the best of our knowledge, we conducted the first
study that assessed IGD severity prior to decision-making.
Our results contribute to aetiological models by showing
that IGD may change the decision-making tendencies of
individuals. This has so far not been explicitly mentioned in
aetiological models on ADs without substance use but in
models on substance-related ADs, where this change has
already been discussed as possible mechanism of progression
(De Wit, 2009). In addition to the long-term sequelae of
substance use on decision-making, our results suggest that
also behavioural addictions such as IGD are associated with
more dysfunctional changes in reward-based learning that
lead to a general overvaluation of immediate rewards
(Everitt & Robbins, 2016) and/or an attenuated valuation of
anticipated long-term rewards (Kronke et al, 2020).
Although no substance use and thus no neurotoxic effects on
the brain are involved in IGD, changes in reward processing
could occur as a consequence of conditioning within the
often immediately rewarding environments of Internet
games (Fauth-Biihler & Mann, 2017). However, we did not
investigate our participants before the development of their
IGD symptoms. Therefore, impulsive decision-making may
be both a predisposing risk factor for the onset of IGD and
may also worsen over time as the disorder develops (Dong &
Potenza, 2014; Fineberg et al., 2014).

Limitations

At the time of the initial study planning and implementa-
tion, there were no established criteria for the diagnosis of
IGD. Therefore, we used the CSAS-II, a reliable and valid
instrument to assess IGD severity (Rehbein et al., 2010).
However, compared to a later adaptation of the CSAS-II
(CSAS; Rehbein, Kliem, Baier, Mofile, & Petry, 2015), our
version did not cover all nine DSM-5 criteria for IGD
(escape adverse moods is missing). In addition, for six
participants at T1 one item was missing in the total CSAS
score (the ‘withdrawal’ item). It may therefore be that we
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overlooked certain aspects of IGD severity and under-
estimated associations. Regarding our IGD measures, it
should also be mentioned that we assessed the current
gaming time in comparison to the IGD severity that we
assessed over the past 12 months. Associations may be
stronger for a time-point measure than for a cumulative
measure over several months, which involve a larger mea-
surement error. Moreover, our recruitment strategy may
have led to a selection bias. For example, persons with more
impulsive decision-making might not have been attracted by
a study with long interviews, where incentives were given at
the end. Another specific characteristic of our sample is that
it includes only male participants from Germany. Although
young men are the population with the highest prevalence
rates of IGD (Mentzoni et al., 2011; Rehbein et al., 2010), it
may still be important to investigate gender differences. In
addition, the generalisability of our results across cultures
remains open. Another observation in our sample was that
we had 22% positively screened clinical cases with IGD at
baseline, but no cases at the 3-years follow-up. It might be
the case that the intensive clinical interviews had some
interventional character and therefore symptoms decreased
over time. However, since the participants started in late
adolescence and ended in early adulthood after three years,
the explanation of ‘maturing out’ is more likely, i.e. that role
transitions (e.g. partnership, employment and starting a
family) and changed consumption motives are associated
with a decrease in addictive use (e.g. Lee, Ellingson, & Sher,
2015; Littlefield, Sher, & Wood, 2010). Further sources of
bias could be unconsidered confounders (common causes)
that may underlie both inhibitory control or decision-
making and IGD severity such as neuroendophenotypes
(Robbins et al. 2012).

CONCLUSIONS

We found evidence in young men (i) that lower general
inhibitory control is more likely to be a predictor of later
prolonged time spent gaming than of later higher IGD
severity and (ii) that more impulsive decision-making is
more likely to be consequence of higher IGD severity than a
predictor. One-dimensional etiological assumptions about
IGD (e.g. lower inhibitory control as cause of IGD) seem not
to be appropriate for the complexity of the disorder. Even
with follow-ups over three years, we may not have fully
captured the circular relationship between lower inhibitory
control or impulsive decision making and IGD or gaming.
Moreover, the revealed associations were small to medium-
sized, suggesting that lower inhibitory control and impulsive
decision-making are certainly only two of many intra-indi-
vidual factors in the course of IGD that need to be consid-
ered in interaction with other factors such as cue-reactivity,
reward processing, error monitoring, or emotion regulation
(Brand et al., 2019; Dong & Potenza, 2014; Goschke, 2014).
Further studies are needed that assess inhibitory control
and decision-making prior to the onset of IGD and that use

interventions to investigate whether a causal relationship
exists (Goudriaan, 2020; Verdejo-Garcia, Alcazar-Corcoles,
& Albein-Urios, 2019).
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