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Introduction: Previous research on cognitive functions in Compulsive Sexual
Behavior Disorder (CSBD) and problematic pornography use (PPU) reported
inconsistent findings and mostly included sexual pictures in the used tasks. The
role of general executive functions and cognitive competences (without the
presence of appetitive stimuli) in the context of PPU is largely unexplored.

Methods: This study investigated differences between individuals with high versus
low problem severity of PPU regarding decision making and executive functions.
The sample of the laboratory study consisted of N = 102 male adults. Besides
measures of trait impulsivity, we used standard neuropsychological tests (Trail
Making Test and three-back working memory task) and an intertemporal risky
choice paradigm, the Cards & Lottery Task (CLT).

Results: The results show heightened impulsivity (urgency and deficits in
perseverance) in individuals with high PPU, but no differences regarding
performance in the CLT and executive function tasks.

Discussion: The findings indicate that PPU might be associated with impulsive
behavior when experiencing strong emotions (urgency) and deficient cognitive
performance especially in the presence of sexual stimuli but not in general.

pornography use disorder, sex addiction, cybersex, problematic usage of the internet,
cognition, risky choice

1. Introduction

Behavioral addictions raise significant public health concerns (1). Research suggests
common mechanisms underlying substance-use disorders, such as alcohol use disorder, and
non-substance related addictive or maladaptive behaviors, such as gambling disorder (2) or
problematic pornography use [PPU; Love et al. (3), Gola et al. (4), and Leeman et al. (5)]. PPU
can be considered a subtype of Compulsive Sexual Behavior Disorder (CSBD), which constitutes
a large part of the behavioral patterns (6, 7). A growing number of studies support the
assumption that PPU may constitute a disorder due to addictive behaviors (8) comparable to
the classifications of gambling disorder and gaming disorder in the ICD-11 (9). Accordingly,
main features of PPU are considered similar to those of gaming disorder including impaired
control over the use, growing priority given to the use, and continuation of use despite the
experience of negative consequences. As argued recently, there appears to be enough empirical
evidence and theoretical background to consider PPU as a candidate for the ICD-11’s residual
category of “other specified disorders due to addictive behaviors” (8).

From a neurocognitive dual-process perspective [e.g., Bechara (10)], addictive behaviors
result from an inability to resist temptations, which is characterized by impulsive processes
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(associated with craving and reward orientation) undermining the
control attempts by reflective processes (associated with self-control
and executive functions). In other words, an imbalance between
(affective) driving paths towards addiction and their (cognitive)
counterpart (i.e., self-control) is made responsible for the development
of (online) behavioral addictions (11). According to the I-PACE
model (12), which is inspired by dual-process approaches, individual
predisposing factors, such as trait impulsivity may affect the way in
which situational behavior-related cues are perceived. For example,
pictures showing sexual content might elicit higher cravings in highly
impulsive compared to less impulsive individuals. Cognitive control
functions are assumed to moderate the effect of specific cue-induced
responses on the actual behavior/ usage. Accordingly, reduced
cognitive control abilities are a risk factor for the development and
maintenance of addictive behaviors. Executive functions comprise a
diversity of cognitive control processes with varying complexity (13,
14). These “cold” functions include monitoring and rapid change of
content in working memory as well as flexibly switching between tasks
or mental sets and play a key role in decision making as they enable
to deliberate about options and adapt behavior [see also (15-17)].
Meta-analytical results by Ioannidis et al. (18) show that individuals
with (unspecified) problematic Internet use show deficits in executive
functions (working memory, cognitive flexibility, motor inhibition) as
well as deficits in risky decision making measured by tasks such as the
Iowa Gambling Task (IGT), Balloon Analogue Risk Task (BART),
Cambridge Gambling Task (CGT), and Game of Dice Task (GDT) -
Tasks for which reduced performance has also been reported in
individuals with substance use disorders (19).

In the context of PPU, research on decision making and executive
functions is relatively scarce. Castro-Calvo and colleagues (20)
reviewed experimental studies and summarized that PPU is associated
with attentional bias towards sexual cues as well as with reductions in
executive functions (especially motor inhibition and working
memory) and decision making. Looking more closely, most of the
studies used tasks that included sexual stimuli. For example, the study
by Sinke et al. (21) indicates that men with PPU, as compared to
healthy controls, only showed deficits in a working memory task when
sexual pictures were presented in the background, and not when
neutral pictures were presented. Similar interferences were shown for
other executive function tasks [e.g., Schiebener et al. (22) and Wang
and Dai (23)] and decision making tasks [IGT with pornographic and
neutral cues; Laier et al. (24)]. Other PPU studies that the review
summarized under “decision making” used either Approach/
Avoidance tasks (25-28) or delay discounting tasks (29, 30). The
former represents implicit behavioral tendencies while the latter
represents a measure of trait impulsivity (the tendency to prefer
smaller sooner over larger later rewards), which both is to
be distinguished from risky choice. The only study mentioned using a
risky decision-making task (IGT) without interference of sexual
stimuli (31) compared hypersexual with control participants (all
male). The groups did not differ with regard to decision-making
performance (i.e, number of choices for advantageous versus
disadvantageous decks; groups only differed with regard to gain/loss
frequency). Looking more broadly at (further) studies of problematic/
compulsive sexual behavior draws an inconsistent picture. Some
studies reported reduced executive functions (working memory,
cognitive flexibility, and motor inhibition) and poorer decision-
making performance (CGT) in individuals with CSBD compared to
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control participants (31-33). Contrarily, others reported no such
differences using very similar measures (34, 35). What virtually all
these studies report consistently is that PPU is associated with
heightened trait impulsivity [see also (36, 37)]. Heightened impulsivity
also characterizes problematic usage of the Internet (38) and a variety
of other psychiatric disorders.

Taken together, reductions in executive functions and risky
decision-making, and elevated impulsivity appear to be critically
involved in addictive behaviors. Research on the impact of these
functions in PPU is scarce and results are mixed. This study
investigates risky decision making and executive functions in PPU. To
take the intertemporal nature of decision-making in addiction into
account (i.e., preferring short-term gratification by neglecting long-
term risks), we used a risky decision-making task including conflicting
short- and long-term consequences: the Cards and Lottery Task
(CLT). The CLT represents decision making in situations, in which
striving for immediate gratification increases the risk of negative long-
term outcomes, while resisting immediate temptations increases the
likelihood of positive long-term outcome. We hypothesized that
individuals with PPU show deficits in the CLT as compared to
individuals without PPU. We further expected PPU to be associated
with deficits in other cognitive domains as well as with increased
trait impulsivity.

2. Methods
2.1. Participants

The study was part of a larger study series that consisted of three
parts: (1) an online survey, (2) an experimental study focusing on the
relevance of (a) stress and (b) executive functions in PPU, and (3) an
fMRI study. Each study part had individual research questions. Results
from the online survey (36, 39), the stress part of the experimental
study (40) and the fMRI study (41) have been published previously.
Participation in the respective next part was optional. The study was
conducted 2017 to 2018 and focused on heterosexual male participants
since explicit pornographic material tailored for this target group was
shown in some tasks. Recruitment was carried out via newsletters and
nationwide media articles. The study parts had related but individual
research questions. Results from (1) the online survey and (3) the
fMRI study parts have been published previously (36, 39, 41).

Overall, 1,498 participants finalized the online survey. All
participants were asked if they are interested in participating in the
experimental study. Those who were interested, were contacted,
informed about the study, and invited to the laboratory. Overall, 107
participated in the laboratory study. For n=5, data was incomplete
due to technical problems. The final sample of the laboratory part
consisted of 102 participants (Mg =29.14, SD,,. = 9.22, range,,.: 18-62;
all male). Most participants described themselves as clearly
heterosexual (93.1%) while the rest indicated a more heterosexual
orientation (6.9%). Overall, participants had a high education with
75.5% having a high school degree. Over half of the participants (51%)
indicated to be in a romantic relationship at the time of study
participation. The short Internet Addiction Test modified for
pornography use [sIATporn; Laier et al. (42)] was used to identify
extreme groups, namely a high problem severity group (sIATporn>29,
n=34) and low problem severity group (sIATporn<21, n=36).
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2.2. Procedure

The laboratory study had two aims: besides investigating executive
functions in the context of PPU, we also aimed to investigate effects of
stress on pornography-related response inhibition. We here focus on
the results on executive functions. Executive functions were assessed
before the stress induction and should therefore not be biased by the
experimental manipulation. Nevertheless, the pre-stress induction
ratings on state affect were used as covariates in the analyses. See
Figure 1 for an overview on the procedure.

2.2.1. Questionnaires

2.2.1.1. Problem severity of pornography use

The 12-Item short Internet Addiction Test modified for
pornography use [sIATporn, Laier et al. (42)] was used to assess a
problem severity of pornography use. At the time of the study, the new
ICD-11 criteria for CSBD and PPU had not yet been published. The
sIATporn assesses the problem severity on two subscales: control/time
management and craving/social aspects. The questionnaire includes
12 items answered on a scale from 1 (never) to 5 (very often) resulting
in sum scores ranging from 12 to 60. Comparing the sIATporn items
with the ICD-11 criteria for CSBD there is an overlap on three criteria:
(1) behavior has become central focus of the individual’s life to the
point of neglecting health and personal care or other interests,

| Questionnaires on chronic stress and trauma |

¥

| UPPS Impulsive Behaviour Scale |

¥

| Cards and Lottery Task |

¥

| 3-Back Task |

¥

| Trail Making Test (part A and B) |

¥

Stress induction with pre- and post-rating for state
affect and action tendency

¥

Pornography-related Stop-Signal Task

¥

Post-SST rating for state affect and action
tendency

¥

short Internet Addiction Test modified for
pornography use

¥

| Questionnaires on affect regulation |

¥

| Brief Symptom Inventory l

FIGURE 1
Procedure of the laboratory study. Study parts relevant for the
current analyses are written in bold.
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activities and responsibilities (sIATporn item: e.g., “How often do
you neglect household chores to spend more time on Internet
pornography?”), (2) The individual has made numerous unsuccessful
efforts to control or significantly reduce repetitive sexual behavior
(sIATporn item: e.g., “How often do you try to cut down the amount
of time you spend on Internet pornography and fail?”), and (3) The
individual continues to engage in repetitive sexual behavior despite
adverse consequences (sIATporn item: e.g., “How often do your grades
or school work suffer because of the amount of time you spend on
Internet pornography?”). The ICD-11 criteria on continuation even
when deriving little or no satisfaction from it and marked distress or
significant impairment are not assessed with the sIATporn. For the
current analyses, the sum-score was used with higher score indicating
higher problem severity. The sum score and subscales of the sIATporn
had high internal consistency in the current sample Cronbach’s
a=0.897 (control/time 0.885;
aspects: 0.801).

management: craving/social

2.2.1.2. Impulsivity

The degree of impulsivity was assessed with the German version
of the UPPS Impulsive Behavior Scale (43). The questionnaire consists
of 45 items answered on a 4-point Likert scale ranging from 1 (strongly
agree) to 4 (strongly disagree). Four facets of impulsivity are assessed
with the UPPS: urgency (e.g., “When I feel rejected, I will often say
things that I later regret?”), lack of premeditation (e.g., “I usually think
carefully before doing anything”), lack of perseverance (e.g., “I
generally like to see things through to the end”), and sensation seeking
(e.g., “I quite enjoy taking risks”). Mean values ranging from 1 to 4 are
calculated for each subscale. Higher scores indicate higher degree of
impulsivity. The subscales had good to high internal consistency
(Cronbach’s a: urgency=0.881, lack of premeditation =0.840, lack of
perseverance = 0.809, sensation seeking =0.737) in the current sample.

2.2.1.3. Further variables

To further describe the sample and extreme groups, as well as to
identify confounding variables the general degree of
psychopathological symptoms was assessed with the Brief Symptom
Inventory [BSI; Derogatis and Spencer (44)]. The subscales for anxiety
and depression are possible confounding variables, as both have been
associated with executive functions and decision making abilities (45)
and may also be relevant in PPU (46, 47). As further potential
confounding variables, the current degree of anxiety was assessed with
the state subscale of the State-Trait-Anxiety Inventory [STAI, state
anxiety; Spielberger et al. (48)] and the current degree of urge to use
pornography was assessed with a single item “Please indicate your
current urge to use pornography” answered on a scale from 0 (=no

urge at all) to 100 (=very strong urge).
2.2.2. Experimental tasks

2.2.2.1. Decision making

The Cards and Lottery Task [CLT; Mueller et al. (49) and Schéfer
etal. (50)] is a computerized intertemporal risky choice task. In the
CLT, each decision has an effect with respect to both a short-term
outcome (i.e., immediate gain/loss) and a long-term outcome (i.e.,
gain/loss of a jackpot at the ed. of the game). Participants are
instructed to repeatedly choose from which of two decks of cards a
card should be drawn at random. Each deck contains ten cards with
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different values and symbols. A drawn card effects the game in two
ways: (1) the card’s value (positive/ negative) is charged directly to
the current account balance leading to an immediate gain/ loss,
additionally, (2) the card’s symbol (star/ bomb/ no symbol) effects
the probability of gaining/ losing a large amount of virtual money in
a final lottery. Symbol cards are collected in an extra account and
increase (stars) or decrease (bombs) the chance to win the lottery. In
each of the 36 rounds, the two decks are renewed and thus vary in
the number and height of possible outcomes. The CLT provides
explicit information about the possible gain/ loss amounts and
number of star/ bomb cards included in the two decks. However, the
value-symbol-constellations do not vary completely randomly: The
left deck tends to provide high immediate gains but, at the same
time, many bomb cards (i.e., it is unfavourable in the long term)
while the right deck tends to offer low immediate gains or even
losses but, at the same time, many star cards (i.e., it is favourable in
the long term). The CLT with all its contingencies is described in
detail by Mueller et al. (49). The main scores represent the number
of choices of the right over the left deck (CLT _netscore; possible
range: —36 to 36), the expected value of the final outcome (CLT_EV;
i.e., final account balance plus expected lottery outcome), and the
number of advantageous decisions (CLT_NAD) which can reach
values between 0 and 36. The CLT_NAD is different from the CLT _
netscore because choosing the right deck is not always advantageous
[see (49)].

2.2.2.2. Working-memory performance

The three-back task was used to assess working memory
performance. The computerized task consists of 5 blocks with 24
trials each. In each trial, participants are confronted with single
digits (0-9) displayed in random order for 500 ms. Participants
have to indicate by button press, if the current digit was presented
exactly three trials before or not. After the digit presentation a
fixation cross was presented for 2.75 ms followed by feedback on
whether the response was correct (green check mark) or not (red
cross). Working memory performance is indicated by the
percentage proportion of correct responses of the last four blocks,
with  higher
performance.

scores indicating better working-memory

10.3389/fpsyt.2023.1191297

2.2.2.3. Cognitive flexibility and information processing
speed

The Trail Making Test [TMT, parts A and B; Reitan (51)] was used
to assess cognitive flexibility and information processing speed. As
paper pencil task, participants had to join letters (part A) as well as
letters and numbers in an alternating order (part B) with a drawn line.
The seconds needed to complete the tasks were used as performance
measure, with longer time needed indicating worse performance.

2.3. Statistical analyses

Statistical analyses were carried out with IBM SPSS Statistics
version 28. For correlational analyses, Pearsons correlations and
confidence intervals (95%) based on bootstrapping were estimated. As
described earlier, extreme groups were built based on the upper and
lower sIATporn terciles. Group differences regarding descriptive/
predisposing variables were tested using t-tests with Bonferroni
correction. For hypotheses testing, differences between groups
regarding decision making, executive functions, and impulsivity were
analyzed with ANCOVA. We accounted for differences in predisposing
variables by using those that differed between groups as covariates,
namely BSI: Depression, BSI: Anxiety, Urge to use, STAI: State. Effect
sizes of group differences are indicated by partial 1.

3. Results
3.1. Descriptive statistics

Descriptive statistics and group differences with regard to
psychopathological symptoms, affective state and pornography use
pattern are presented in Table 1. Individuals with high problem
severity (high sIATporn) show significantly higher levels of depression,
anxiety, current urge to use pornography, state anxiety, and duration
of pornography use compared to individuals with low problem
severity (low sIATporn). Groups did not differ with regard to age and
frequency of use. No differences between groups were found with
regard to educational level (y* =1.12, p =0.773). Descriptive statistics

TABLE 1 Descriptive statistics of the main variables overall and per group of individuals with high and low problem severity of PPU.

High slIATporn

Severity of PPU

Low slATporn

Variables Overall n =105 n=34 n=36 Difference tests
max M M SD M SD

Age 18.00 62.00 29.13 9.22 29.68 7.83 27.11 9.74 68.00 1.21 0.115 0.29
sIATporn 13.00 55.00 26.68 8.84 37.00 5.77 17.92 241 46.61* 17.86 <0.001 4.36
BSI: depression 0.00 18.67 4.56 4.55 7.14 5.37 3.11 3.10 52.20° 3.81 <0.001 0.93
BSI: anxiety 0.00 12.33 3.43 2.94 4.61 3.02 2.45 2.24 68.00 3.42 0.001 0.82
Urge to use 0.00 86.00 20.09 22.41 31.50 26.31 8.53 9.06 40.33° 4.83 <0.001 1.18
STAL state 20.00 68.00 40.50 9.18 45.15 9.38 37.64 8.71 68.00 3.47 <0.001 0.83
Frequency of use 0.00 500.00 11.65 49.27 23.32 84.40 421 3.88 68.00 1.36 0.179 0.33
Duration per use 2.00 150.00 35.05 28.77 49.62 36.56 25.56 13.62 41.54° 3.61 <0.001 0.88

PPU, pornography use disorder; sSIATporn, short internet addiction test specified for pornography use; BSI, brief symptom inventory; STAI, state—trait anxiety inventory.

*Corrected degrees of freedom due to differences in variances between groups as indicted by Levene’s test for equality of variances.
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on measures of decision making and executive functions are presented
in Table 2.

3.2. Differences in decision making,
executive functions, and impulsivity

As shown in Table 2, individuals with high problem severity do
not differ from those with low problem severity regarding performance
in the decision-making and executive function tasks (CLT, three-back,
TMT). With regard to impulsivity, significant differences could
be identified in the UPPS’s subscales urgency, with the high problem
severity group scoring higher than the low problem severity group
(Table 2). The covariates age and BSI-depression were significant for
this comparison. Regarding perseverance impulsivity, effects did not
reach significance when correcting for covariates, STAI: State could
be identified as significant covariate, but a significant effect was found
when using a simple T-test without covariates (¢ (68) = 3.00, p=0.004,
Cohen’s d=0.72).

3.3. Exploratory correlation analysis

Table 3 shows correlations between problem severity of PPU and
variables describing the excessive engagement in pornography use
(frequency of use, duration per use) with measures of decision
making, executive functions and impulsivity. Problem severity
significantly correlated with UPPS urgency and deficits in
perseverance. No correlations between problem severity and measures
of decision making and executive functioning could be identified.
Interestingly, frequency of pornography use was significantly and
negatively associated with the CLT_netscore indicating that less
frequent pornography use is associated with the tendency to resist

10.3389/fpsyt.2023.1191297

immediate temptations in order to achieve positive long-term
outcomes (higher CLT_netscore). Furthermore, use frequency was
positively associated with deficits in perseverance impulsivity with
small to moderate effect sizes (see Table 3).

4. Discussion

This study investigated executive functions and decision making
under objective risk in individuals with high compared to low severity
in PPU. The extreme-group comparisons indicate that high PPU
severity is associated with heightened psychopathological symptoms
(depression and anxiety), heightened facets of trait and state
impulsivity and elevated use duration (but not frequency). Contrary
to our hypothesis, the groups did not differ regarding performance in
measures of executive function and decision-making performance.

The findings are in line with previous studies showing increased
impulsivity in PPU [although impulsivity might play a more
prominent role in hypersexual behavior than in PPU; Béthe et al.
(52)]. Heightened impulsivity is also characteristic for other specified
domains of problematic Internet use, such as gaming disorder (53) or
problematic social-network use (54-57) as well as for other types of
addictive behaviors like gambling disorder or substance use disorders
[for reviews see (2, 58)]. This is consistent with the assumptions of
theoretical models of addiction [e.g., Bechara (10), Brand et al. (12),
Wiers et al. (59), and Everitt and Robbins (60)]. Neuroscientific
research shows functional and structural differences in brain regions
associated with the “reward system” in individuals with compared to
those without PPU (7, 61).

Individuals with higher severity of PPU, as compared to those
with low problem severity, performed equally well in the tasks
measuring risky decision-making (CLT) and executive functions
(three-back and TMT). Accordingly, individuals with high problem

TABLE 2 Descriptive statistics and group differences for low and high problem severity groups and measures of executive functions.

Severity of PPU
Overall High ! Group differences .
sIATporn ow slATporn Slgnlﬁ_cant
covariates
M SO M SD Fart
CLT_NAD 6.00 31.00 | 2143 6.70 21.68 5.64 21.58 7.00 0.95 0334 0.015
CLT_netscore 3600 3600 5.15 15.85 5.74 14.59 5.67 15.95 0.55 0.460 0.009
CLT_EV score —1571.00 | 8094.00 313583 | 2233.00 | 342850 | 2018.14 & 288875 2417.69 = 0.14 0.709 0.002
Three back: % correct 0.00 0.98 0.62 0.18 0.62 0.17 0.67 0.17 0.35 0555 0.006
TMT_A: time in sec. 11.18 7400 | 2474 9.21 24.92 7.66 25.25 12.14 1.38 0.245 0.021
TMT_B: time in sec. 18.74 12827 | 5131 18.43 52.65 17.54 48.64 17.13 0.139 0.710 0.002
UPPS: urgency 1.25 3.50 2.49 0.54 2.83 0.46 225 0.47 6.97 0.010 0.100 Age, BSL:
depression
UPPS: deficits in 1.00 3.18 2.00 0.47 2.04 0.47 2.04 043 1.56 0.286 0.018
premeditation
UPPS: deficits in 1.00 3.20 2.09 0.47 226 045 1.94 0.46 2.40 0.126 0.037 STAL: state
perseverance
UPPS: sensation seeking 1.33 3.83 2.80 0.49 2.83 0.42 2.87 0.50 037 0.543 0.006

CLT, cards & lottery task; NAD, number of advantageous decisions; EV; expected value; TMT, trail making test; UPPS, urgency, (lack of) premeditation, (lack of) perseverance, and sensation

seeking impulsive behavior scale.
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TABLE 3 Correlations between problem severity and use patterns with measures of executive functions.

1 2 3 4 ) 6 7 8 9 10 11 12
1 sIATporn -
2 Frequency of use 0.204* -
[0.170, 0.513]
3 Duration per use 0.331%* —-0.075 -
[0.176, 0.478] [—0.154, 0.270]
4 CLT_NAD 0.001 —0.189 —0.087 -
[~0.199, 0.183] [~0.365, 0.173] [~0.294, 0.139]
5 CLT_netscore —0.020 —0.211* —0.111 0.9727%* -
[~0.215, 0.165] [—0.401, 0.159] [—0.342, 0.133] [0.957, 0.985]
6 CLT_EVScore 0.065 —0.182 —0.117 0.785%* 0.741%% -
[~0.155, 0.281] [—0.346, 0.149] [—0.327,0.104] [0.682, 0.857] [0.616, 0.829]
7 Three back: % -0.116 —0.063 0.051 0.190 0.164 0.148 -
correct [~0.296, 0.070] [~0.228, —0.011] [~0.108, 0.210] [0.009, 0.369] [-0.027,0.351] = [~0.047, 0.342]
8 TMT_A 0.053 0.094 —0.063 0.037 0.007 -0.070 —-0.072 -
[~0.114, 0.258] [~0.117, 0.233] [~0.200, 0.103] [-0.178,0.199] | [~0.196,0.165] = [-0.231,0.081] = [~0.236,0.071]
9 TMT_B 0.085 0.047 0.165 —0.191 —0.216* —0.232% —0.3827%% 0384 -
[~0.102, 0.276] [~0.088, 0.234] [~0.064, 0.401] [—0.402,0.049] | [—0.436,0.053] [~0.425, [~0.548, [0.089, 0.608]
—0.014] —0.196]
10 UPPS: urgency 04877 0.004 0.052 0.047 0.076 0.036 —0.136 0.106 <0.001 -
[0.320, 0.627] [—0.047, 0.393] [-0.123,0.217] [—0.134,0.207] | [-0.103,0.235] = [-0.164,0.216] = [-0.316,0.069] = [-0.046,0.279] @ [-0.177,
0.188]
11 | UPPS: deficits in 0.010 0.169% -0.038 —0.008 0.035 —0.053 —0.143 —0.062 0.027 0.264%% -
premeditation [—0.188, 0.224] [—0.117, 0.349] [-0.162, 0.207] [-0.188,0.178] = [—0.140,0.219] = [—0.233,0.140] = [—0.338,0.060] = [—0.206,0.099] [—0.134, [0.077,
0.194] 0.447]
12 UPPS: deficits in 0.2777 0.016 0.021 0.158 0.187 0.197* —0.002 0.009 —0.033 0.449% 0.209% -
perseverance [0.114,0.431] [—0.024, 0.219] [-0.162, 0.207] [-0.022, 0.332] [0.005, 0.358) [0.023,0.373] [-0.162,0.168] = [—0.130,0.174] [-0.203, [0.251, [0.033,
0.151] 0.611] 0.371]
13 UPPS: sensation —0.046 —0.057 —0.061 0.149 0.161 0.152 —0.184 —0.111 0.052 -0.073 0.282%% | 0.282%%
seeking [—0.241, 0.148] [—0.145, 0.321] [—0.216, 0.108] [-0.056,0.324] | [—0.035,0.330]  [0.092, —0.045] = [-0.369,0.027] = [-0.275,0.101] = [-0.120, [—0.261, [0.087, [0.087,
0.232] 0.122] 0.455] 0.455]

The 95% confidence intervals of Bootstrap procedure are presented in squared brackets. CLT, cards & lottery task; NAD, number of advantageous decisions; EV;, expected value; TMT, trail making test; UPPS, urgency, (lack of) premeditation, (lack of) perseverance, and
sensation seeking impulsive behavior scale. *p <0.01, **p <0.001.
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severity for PPU do not appear to have any significant deficits in
weighing long-term versus short-term consequences. These results are
in contrast to empirical findings on gambling disorder and gaming
disorder, which are commonly characterized by impairments in risky
decision-making and executive functions (58, 62). This trend is also
reflected in the results of a large meta-analysis of problematic online
behaviors, which included mainly studies on gaming (18). Previously,
PPU has also been associated with deficits in executive functions,
including inhibitory control and working memory, and decision
making (20), which appears to be contrary to the results of this study.
Looking more closely, the great majority of the previous studies on
executive functions (e.g., inhibitory control, working memory) in PPU
used tasks with pornographic pictures (as stimuli or in the
background) indicating deficits in case arousing pictures are present.
These findings point at stimuli-specific reductions in cognitive/
inhibitory control which, according to the I-PACE model, emerge in
later phases of addiction development (12). Part of the participants in
this study underwent an additional fMRI part including a modified
Stop-Signal-Task, the results of which have been reported previously
(41). At the behavioral level, symptom severity was associated with
faster reaction times, indicating better (and not reduced) inhibitory
control, which might be explained by increased insula activity during
inhibitory control processing (41). When individuals were under
acute stress a higher symptom severity was associated with longer
reaction times, indicating reduced inhibitory control (40). These
results indicate that, situational factors might impact executive control
abilities. Deficits in decision making have previously mainly been
referred to a preference for smaller sooner over larger later rewards
(i.e., increased delay discounting), which captures individuals’ trait
impulsivity rather than decision-making competence (63), or as a
result of the interference between presentation of pornographic
pictures and risky choice options [see (20)]. The latter can be assumed
to result from biases towards pornography-related stimuli, which
divert attention from decision-relevant content leading to reduced
performance in such tasks.

In the absence of addiction-related stimuli, however, as it was the
case in this study, individuals with PPU do not seem to make more
risky/disadvantageous decisions. Similar findings have been reported
for other types of problematic Internet use apart from gaming (64—
66). In accordance with findings from a recent meta-analysis (67),
risky decision-making tendencies might be a specific feature of
gaming disorder, and not (or not so markedly) of other internet-
related disorders such as problematic social networks use or PPU. Also,
our results indicate that general working memory and cognitive
flexibility (measured with tasks that do not present pornographic
content) might not be impaired in PPU. However, studies on PPU that
used cognitive measures without pornographic pictures, are yet very
rare. Further research is needed to determine the extent and specificity
of cognitive impairment in individuals with PPU.

A limitation of the current study is the non-clinical sample.
The instrument used to identify high and low severity of PPU
(sIATporn) has been used previously, however, it does not allow
valid classification. From today’s point of view, we would
recommend instruments that have been developed based on
current diagnostic criteria for CSBD [e.g., the Compulsive Sexual
Behavior Disorder Scale, CSBD-19; Bdéthe et al. (68)] or for
disorders due to addictive behaviors [e.g., the Assessment of
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Criteria for Specific Internet Use Disorders, ACSID-11; Miiller
et al. (69)].
participants, which limits the generalizability of the current

Furthermore, the sample included only male

findings. The restriction to exclusively male subjects was due to
the design of the additional fMRI examination [described in
Antons and Brand (41)]. Although some differences between
men and women with CSBD are identified, impulsivity is
associated with CSBD and PPU regardless of gender (70). The
role of decision making and executive functions in women with
PPU needs to be explored in future research.

Data availability statement

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

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics committee of the Department of Computer
Science and Applied Cognitive Science at the University of Duisburg-
Essen. The patients/participants provided their written informed
consent to participate in this study.

Author contributions

SA conceptualized and carried out the study and analyzed the
data. SM wrote the first draft of the manuscript that was reviewed by
SA. All authors contributed to the article and approved the
submitted version.

Funding

The work of SM and SA on this article was carried out in the
context of the Research Unit ACSID, FOR2974, funded by the
Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) - 411232260.

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.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1191297
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Muller and Antons

References

1. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 5th ed. Arlington, VA: American Psychiatric Association (2013).

2. Balodis IM, Potenza MN. Common neurobiological and psychological
underpinnings of gambling and substance-use disorders. Prog Neuro-Psychopharmacol
Biol Psychiatry. (2020) 99:109847. doi: 10.1016/j.pnpbp.2019.109847

3. Love T, Laier C, Brand M, Hatch L, Hajela R. Neuroscience of internet pornography
addiction: a review and update. Behav Sci (Basel, Switzerland). (2015) 5:388-433. doi:
10.3390/bs5030388

4. Gola M, Wordecha M, Sescousse G, Lew-Starowicz M, Kossowski B, Wypych M,
et al. Can pornography be addictive? An fMRI study of men seeking treatment for
problematic pornography use. Neuropsychopharmacology. (2017) 42:2021-31. doi:
10.1038/npp.2017.78

5. Leeman RE Rowland BHP, Gebru NM, Potenza MN. Relationships among
impulsive, addictive and sexual tendencies and behaviours: a systematic review of
experimental and prospective studies in humans. Philos Trans R Soc Lond Ser B Biol Sci.
(2019) 374:20180129. doi: 10.1098/rstb.2018.0129

6. Antons S, Brand M. Diagnostic and classification considerations related to
compulsive sexual behavior disorder and problematic pornography use. Curr Addict
Rep. (2021) 8:452-7. doi: 10.1007/s40429-021-00383-7

7. Stark R, Klucken T, Potenza MN, Brand M, Strahler J. A current understanding of the
behavioral neuroscience of compulsive sexual behavior disorder and problematic
pornography use. Curr Behav Neurosci Rep. (2018) 5:218-31. doi: 10.1007/s40473-018-0162-9

8. Brand M, Rumpf H-J, Demetrovics Z, Miiller A, Stark R, King DL, et al. Which
conditions should be considered as disorders in the international classification of
diseases (ICD-11) designation of “other specified disorders due to addictive behaviors™?
] Behav Addict. (2022) 11:150-9. doi: 10.1556/2006.2020.00035

9. World Health Organization. (2018). International classification of diseases for
mortality and morbidity statistics (11th revision). Available at: https://icd.who.int/
browsell/l-m/en.

10. Bechara A. Decision making, impulse control and loss of willpower to resist drugs:
a neurocognitive perspective. Nat Neurosci. (2005) 8:1458-63. doi: 10.1038/nn1584

11. Brand M. Can internet use become addictive? Science. (2022) 376:798-9. doi:
10.1126/science.abn4189

12. Brand M, Wegmann E, Stark R, Miiller A, Wolfling K, Robbins TW, et al. The
interaction of person-affect-cognition-execution (I-PACE) model for addictive
behaviors: update, generalization to addictive behaviors beyond internet-use disorders,
and specification of the process character of addictive behaviors. Neurosci Biobehav Rev.
(2019) 104:1-10. doi: 10.1016/j.neubiorev.2019.06.032

13. Friedman NP, Miyake A. Unity and diversity of executive functions: individual
differences as a window on cognitive structure. Cortex. (2017) 86:186-204. doi:
10.1016/j.cortex.2016.04.023

14. Jurado M, Rosselli M. The elusive nature of executive functions: a review of our
current understanding. Neuropsychol Rev. (2007) 17:213-33. doi: 10.1007/
511065-007-9040-z

15. Miyake A, Friedman NP. The nature and organization of individual differences in
executive functions: four general conclusions. Curr Dir Psychol Sci. (2012) 21:8-14. doi:
10.1177/0963721411429458

16. Norman DA, Shallice T. Attention to action: willed and automatic control of
behavior In: RJ Davidson, GE Schwartz and D Shapiro, editors. Consciousness and self-
regulation. New York: Springer (1986). 1-18.

17. Stuss DT, Levine B. Adult clinical neuropsychology: lessons from studies of the
frontal lobes. Amnu Rev Psychol. (2002) 53:401-33. doi: 10.1146/annurev.
psych.53.100901.135220

18.Ioannidis K, Hook R, Goudriaan AE, Vlies S, Fineberg NA, Grant JE, et al.
Cognitive deficits in problematic internet use: a meta-analysis of 40 studies. Br J
Psychiatry. (2019) 215:639-46. doi: 10.1192/bjp.2019.3

19. Chen S, Yang P, Chen T, Su H, Jiang H, Zhao M. Risky decision-making in
individuals with substance use disorder: a meta-analysis and meta-regression review.
Psychopharmacology. (2020) 237:1893-908. doi: 10.1007/s00213-020-05506-y

20. Castro-Calvo J, Cervigén-Carrasco V, Ballester-Arnal R, Giménez-Garcia C.
Cognitive processes related to problematic pornography use (PPU): a systematic review
of experimental studies. Addict Behav Rep. (2021) 13:100345. doi: 10.1016/j.
abrep.2021.100345

21. Sinke C, Engel J, Veit M, Hartmann U, Hillemacher T, Kneer J, et al. Sexual cues
alter working memory performance and brain processing in men with compulsive
sexual behavior. Neuroimage Clin. (2020) 27:102308. doi: 10.1016/j.nicl.2020.102308

22. Schiebener J, Laier C, Brand M. Getting stuck with pornography? Overuse or
neglect of cybersex cues in a multitasking situation is related to symptoms of cybersex
addiction. ] Behav Addict. (2015) 4:14-21. doi: 10.1556/JBA.4.2015.1.5

23. Wang J, Dai B. Event-related potentials in a two-choice oddball task of impaired
behavioral inhibitory control among males with tendencies towards cybersex addiction.
] Behav Addict. (2020) 9:785-96. doi: 10.1556/2006.2020.00059

Frontiers in Psychiatry

10.3389/fpsyt.2023.1191297

24. Laier C, Pawlikowski M, Brand M. Sexual picture processing interferes with
decision-making under ambiguity. Arch Sex Behav. (2014) 43:473-82. doi: 10.1007/
510508-013-0119-8

25. Kahveci S, Van Bockstaele B, Blechert J, Wiers RW. Pulling for pleasure? Erotic
approach-bias associated with porn use, not problems. Learn Motiv. (2020) 72:101656.
doi: 10.1016/j.1mot.2020.101656

26. Snagowski J, Brand M. Symptoms of cybersex addiction can be linked to both
approaching and avoiding pornographic stimuli: results from an analog sample of
regular cybersex users. Front Psychol. (2015) 6:653. doi: 10.3389/fpsyg.2015.00653

27. Sklenarik S, Potenza MN, Gola M, Astur RS. Approach bias for erotic stimuli
among heterosexual female college students who use pornography. Addict Behav. (2020)
108:106438. doi: 10.1016/j.addbeh.2020.106438

28. Sklenarik S, Potenza MN, Gola M, Kor A, Kraus SW, Astur RS. Approach bias for
erotic stimuli in heterosexual male college students who use pornography. J Behav
Addict. (2019) 8:234-41. doi: 10.1556/2006.8.2019.31

29. Negash S, Sheppard NVN, Lambert NM, Fincham FD. Trading later rewards for
current pleasure: pornography consumption and delay discounting. J Sex Res. (2016)
53:689-700. doi: 10.1080/00224499.2015.1025123

30. Lawyer SR. Probability and delay discounting of erotic stimuli. Behav Process.
(2008) 79:36-42. doi: 10.1016/j.beproc.2008.04.009

31. Mulhauser KRW, Struthers WM, Hook JN, Pyykkonen BA, Womack SD,
MacDonald M. Performance on the Iowa gambling task in a sample of hypersexual men.
Sex Addict Compuls. (2014) 21:170-83. doi: 10.1080/10720162.2014.908333

32. Leppink EW, Chamberlain SR, Redden SA, Grant JE. Problematic sexual behavior
in young adults: associations across clinical, behavioral, and neurocognitive variables.
Psychiatry Res. (2016) 246:230-5. doi: 10.1016/j.psychres.2016.09.044

33. Miner MH, Raymond N, Mueller BA, Lloyd M, Lim KO. Preliminary investigation
of the impulsive and neuroanatomical characteristics of compulsive sexual behavior.
Psychiatry Res Neuroimaging. (2009) 174:146-51. doi: 10.1016/j.pscychresns.2009.04.008

34.Reid RC, Garos S, Carpenter BN, Coleman E. A surprising finding related to
executive control in a patient sample of hypersexual men. J Sex Med. (2011) 8:2227-36.
doi: 10.1111/§.1743-6109.2011.02314.x

35. Derbyshire KL, Grant JE. Neurocognitive findings in compulsive sexual behavior:
a preliminary study. J Behav Addict. (2015) 4:35-6. doi: 10.1556/2006.4.2015.004

36. Antons S, Miiller SM, Wegmann E, Trotzke P, Schulte MM, Brand M. Facets of
impulsivity and related aspects differentiate among recreational and unregulated use of
internet pornography. ] Behav Addict. (2019) 8:1-11. doi: 10.1556/2006.8.2019.22

37. Antons S, Brand M. Trait and state impulsivity in males with tendency towards
internet-pornography-use disorder. Addict Behav. (2018) 79:171-7. doi: 10.1016/j.
addbeh.2017.12.029

38. Ioannidis K, Chamberlain SR, Treder MS, Kiraly F, Leppink EW, Redden SA, et al.
Problematic internet use (PIU): associations with the impulsive-compulsive spectrum.
An application of machine learning in psychiatry. J Psychiatr Res. (2016) 83:94-102. doi:
10.1016/j.jpsychires.2016.08.010

39. Antons S, Trotzke P, Wegmann E, Brand M. Interaction of craving and functional
coping styles in heterosexual males with varying degrees of unregulated internet-
pornography use. Pers Individ Differ. (2019) 149:237-43. doi: 10.1016/j.paid.2019.05.051

40. Antons S, Biische K, Mallon L, Wolf OT, Diers M, Brand M. Stress susceptibility,
affective responses toward acute stressors and emotion regulation strategies in the
context of problematic pornography use. Sex Health Compulsivity. (2023):1-21. doi:
10.1080/26929953.2023.2220003

41. Antons S, Brand M. Inhibitory control and problematic internet-pornography use
- the important balancing role of the insula. ] Behav Addict. (2020) 9:58-70. doi:
10.1556/2006.2020.00010

42. Laier C, Pawlikowski M, Pekal ], Schulte FP, Brand M. Cybersex addiction:
experienced sexual arousal when watching pornography and not real-life sexual contacts
makes the difference. ] Behav Addict. (2013) 2:100-7. doi: 10.1556/JBA.2.2013.002

43. Schmidt RE, Gay P, d'Acremont M, Van der Linden M. A German adaptation of
the UPPS impulsive behavior scale: psychometric properties and factor structure. Swiss
J Psychol. (2008) 67:107-12. doi: 10.1024/1421-0185.67.2.107

44. Derogatis L, Spencer P. Brief symptom inventory (BSI): administration, scoring and
procedures. Manual, third ed. Minneapolis, MN Pearson: (1993).

45. Bishop SJ, Gagne C. Anxiety, depression, and decision making: a computational
perspective. Annu Rev Neurosci. (2018) 41:371-88. doi: 10.1146/annurev-
neuro-080317-062007

46. Grant Weinandy JT, Lee B, Hoagland KC, Grubbs JB, Béthe B. Anxiety and
compulsive sexual behavior disorder: a systematic review. J Sex Res. (2022) 60:1-13. doi:
10.1080/00224499.2022.2066616

47. Hermand M, Benyamina A, Donnadieu-Rigole H, Petillion A, Amirouche A,
Roméo B, et al. Addictive use of online sexual activities and its comorbidities: a
systematic review. Curr Addict Rep. (2020) 7:194-209. doi: 10.1007/540429-020-00301-3

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1191297
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1016/j.pnpbp.2019.109847
https://doi.org/10.3390/bs5030388
https://doi.org/10.1038/npp.2017.78
https://doi.org/10.1098/rstb.2018.0129
https://doi.org/10.1007/s40429-021-00383-7
https://doi.org/10.1007/s40473-018-0162-9
https://doi.org/10.1556/2006.2020.00035
https://icd.who.int/browse11/l-m/en
https://icd.who.int/browse11/l-m/en
https://doi.org/10.1038/nn1584
https://doi.org/10.1126/science.abn4189
https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1016/j.cortex.2016.04.023
https://doi.org/10.1007/s11065-007-9040-z
https://doi.org/10.1007/s11065-007-9040-z
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1146/annurev.psych.53.100901.135220
https://doi.org/10.1146/annurev.psych.53.100901.135220
https://doi.org/10.1192/bjp.2019.3
https://doi.org/10.1007/s00213-020-05506-y
https://doi.org/10.1016/j.abrep.2021.100345
https://doi.org/10.1016/j.abrep.2021.100345
https://doi.org/10.1016/j.nicl.2020.102308
https://doi.org/10.1556/JBA.4.2015.1.5
https://doi.org/10.1556/2006.2020.00059
https://doi.org/10.1007/s10508-013-0119-8
https://doi.org/10.1007/s10508-013-0119-8
https://doi.org/10.1016/j.lmot.2020.101656
https://doi.org/10.3389/fpsyg.2015.00653
https://doi.org/10.1016/j.addbeh.2020.106438
https://doi.org/10.1556/2006.8.2019.31
https://doi.org/10.1080/00224499.2015.1025123
https://doi.org/10.1016/j.beproc.2008.04.009
https://doi.org/10.1080/10720162.2014.908333
https://doi.org/10.1016/j.psychres.2016.09.044
https://doi.org/10.1016/j.pscychresns.2009.04.008
https://doi.org/10.1111/j.1743-6109.2011.02314.x
https://doi.org/10.1556/2006.4.2015.004
https://doi.org/10.1556/2006.8.2019.22
https://doi.org/10.1016/j.addbeh.2017.12.029
https://doi.org/10.1016/j.addbeh.2017.12.029
https://doi.org/10.1016/j.jpsychires.2016.08.010
https://doi.org/10.1016/j.paid.2019.05.051
https://doi.org/10.1080/26929953.2023.2220003
https://doi.org/10.1556/2006.2020.00010
https://doi.org/10.1556/JBA.2.2013.002
https://doi.org/10.1024/1421-0185.67.2.107
https://doi.org/10.1146/annurev-neuro-080317-062007
https://doi.org/10.1146/annurev-neuro-080317-062007
https://doi.org/10.1080/00224499.2022.2066616
https://doi.org/10.1007/s40429-020-00301-3

Muller and Antons

48. Spielberger CD, Sydeman SJ, Owen AE, Marsh BJ (1999). Measuring anxiety and anger
with the state-trait anxiety inventory (STAI) and the state-trait anger expression inventory
(STAXI). The use of psychological testing for treatment planning and outcomes assessment, 2nd
ed. Mahwah, NJ, US: Lawrence Erlbaum Associates Publishers. p. 993-1021.

49. Mueller SM, Schiebener J, Stockigt G, Brand M. Short-and long-term consequences
in decision-making under risk: immediate feedback about long-term prospects benefits
people tending to impulsive processing. J Cogn Psychol. (2017) 29:217-39. doi:
10.1080/20445911.2016.1245660

50. Schafer L, Schmidt R, Miiller SM, Dietrich A, Hilbert A. The cards and lottery task:
validation of a new paradigm assessing decision making under risk in individuals with
severe obesity. Front Psych. (2020) 11:1-12. doi: 10.3389/fpsyt.2020.00690

51. Reitan RM. Validity of the trail making test as an indicator of organic brain
damage. Percept Mot Skills. (1958) 8:271-6. doi: 10.2466/pms.1958.8.3.271

52.Béthe B, Téth-Kirdly I, Potenza MN, Griffiths MD, Orosz G, Demetrovics Z.
Revisiting the role of impulsivity and compulsivity in problematic sexual behaviors. J
Sex Res. (2019) 56:166-79. doi: 10.1080/00224499.2018.1480744

53. Salvarli $1, Griffiths MD. The association between internet gaming disorder and
impulsivity: a systematic review of literature. Int ] Ment Heal Addict. (2019) 20:92-118.
doi: 10.1007/511469-019-00126-w

54. Wu AMS, Cheung VI, Ku L, Hung EPW. Psychological risk factors of addiction to
social networking sites among Chinese smartphone users. ] Behav Addict. (2013)
2:160-6. doi: 10.1556/JBA.2.2013.006

55. Rothen S, Briefer J-F, Deleuze ], Karila L, Andreassen CS, Achab S, et al.
Disentangling the role of users’ preferences and impulsivity traits in problematic
Facebook use. PLoS One. (2018) 13:€0201971. doi: 10.1371/journal.pone.0201971

56. Turel O, Bechara A. Effects of motor impulsivity and sleep quality on swearing,
interpersonally deviant and disadvantageous behaviors on online social networking
sites. Pers Individ Differ. (2017) 108:91-7. doi: 10.1016/j.paid.2016.12.005

57. Wegmann E, Miiller SM, Turel O, Brand M. Interactions of impulsivity, general
executive functions, and specific inhibitory control explain symptoms of social-
networks-use disorder: an experimental study. Sci Rep. (2020) 10:1-12. doi: 10.1038/
541598-020-60819-4

58.Ioannidis K, Hook R, Wickham K, Grant JE, Chamberlain SR. Impulsivity in
gambling disorder and problem gambling: a meta-analysis. Neuropsychopharmacology.
(2019) 44:1354-61. doi: 10.1038/s41386-019-0393-9

59. Wiers RW, Ames SL, Hofmann W, Krank M, Stacy AW. Impulsivity, impulsive and
reflective processes and the development of alcohol use and misuse in adolescents and
young adults. Front Psychol. (2010) 1:144. doi: 10.3389/fpsyg.2010.00144

Frontiers in Psychiatry

09

10.3389/fpsyt.2023.1191297

60. Everitt BJ, Robbins TW. Neural systems of reinforcement for drug addiction: from
actions to habits to compulsion. Nat Neurosci. (2005) 8:1481-9. doi: 10.1038/nn1579

61. Klein S, Krikova K, Antons S, Brand M, Klucken T, Stark R. Reward responsiveness,
learning, and valuation implicated in problematic pornography use—a research domain
criteria perspective. Curr Addict Rep. (2022) 9:114-25. doi: 10.1007/540429-022-00423-w

62. Yao Y-W, Zhang JT, Fang XY, Liu L, Potenza MN. Reward-related decision-making
deficits in internet gaming disorder: a systematic review and meta-analysis. Addiction.
(2022) 117:19-32. doi: 10.1111/add.15518

63. Bailey AJ, Romeu R], Finn PR. The problems with delay discounting: a critical
review of current practices and clinical applications. Psychol Med. (2021) 51:1799-806.
doi: 10.1017/S0033291721002282

64. Miiller SM, Wegmann E, Arias MG, Brotons EB, Girdldez CM, Brand M. Deficits
in executive functions but not in decision making under risk in individuals with
problematic social-network use. Compr Psychiatry. (2021) 106:152228. doi: 10.1016/j.
comppsych.2021.152228

65. Miiller SM, Wegmann E, Garcia Arias M, Bernabeu Brotons E, Marchena Giraldez
C, Brand M. Decision making and risk propensity in individuals with tendencies
towards specific internet-use disorders. Brain Sci. (2022) 12:201. doi: 10.3390/
brainsci12020201

66.Ko CH, Hsiao S, Liu GC, Yen JY, Yang M]J, Yen CE. The characteristics of
decision making, potential to take risks, and personality of college students with
internet addiction. Psychiatry Res. (2010) 175:121-5. doi: 10.1016/j.
psychres.2008.10.004

67.Miiller SM, Antons S, Wegmann E, Ioannidis K, King DL, Potenza MN, et al.
A systematic review and meta-analysis of risky decision-making in specific
domains of problematic use of the internet: evidence across different decision-
making tasks. Neurosci Biobehav Rev. (2023) 152:105271. doi: 10.1016/j.
neubiorev.2023.105271

68. BSthe B, Potenza MN, Griffiths MD, Kraus SW, Klein V, Fuss J, et al. The
development of the compulsive sexual behavior disorder scale (CSBD-19): an ICD-11
based screening measure across three languages. ] Behav Addict. (2020) 9:247-58. doi:
10.1556/2006.2020.00034

69. Miiller SM, Wegmann E, Oelker A, Stark R, Miiller A, Montag C, et al.
Assessment of criteria for specific internet-use disorders (ACSID-11): introduction
of a new screening instrument capturing ICD-11 criteria for gaming disorder and
other potential internet-use disorders. J Behav Addict. (2022) 11:427-50. doi:
10.1556/2006.2022.00013

70. Kiirbitz LI, Briken P. Is compulsive sexual behavior different in women compared
to men? J Clin Med. (2021) 10:3205. doi: 10.3390/jcm10153205

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1191297
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1080/20445911.2016.1245660
https://doi.org/10.3389/fpsyt.2020.00690
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.1080/00224499.2018.1480744
https://doi.org/10.1007/s11469-019-00126-w
https://doi.org/10.1556/JBA.2.2013.006
https://doi.org/10.1371/journal.pone.0201971
https://doi.org/10.1016/j.paid.2016.12.005
https://doi.org/10.1038/s41598-020-60819-4
https://doi.org/10.1038/s41598-020-60819-4
https://doi.org/10.1038/s41386-019-0393-9
https://doi.org/10.3389/fpsyg.2010.00144
https://doi.org/10.1038/nn1579
https://doi.org/10.1007/s40429-022-00423-w
https://doi.org/10.1111/add.15518
https://doi.org/10.1017/S0033291721002282
https://doi.org/10.1016/j.comppsych.2021.152228
https://doi.org/10.1016/j.comppsych.2021.152228
https://doi.org/10.3390/brainsci12020201
https://doi.org/10.3390/brainsci12020201
https://doi.org/10.1016/j.psychres.2008.10.004
https://doi.org/10.1016/j.psychres.2008.10.004
https://doi.org/10.1016/j.neubiorev.2023.105271
https://doi.org/10.1016/j.neubiorev.2023.105271
https://doi.org/10.1556/2006.2020.00034
https://doi.org/10.1556/2006.2022.00013
https://doi.org/10.3390/jcm10153205

	Decision making and executive functions in problematic pornography use
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Procedure
	2.2.1. Questionnaires
	2.2.1.1. Problem severity of pornography use
	2.2.1.2. Impulsivity
	2.2.1.3. Further variables
	2.2.2. Experimental tasks
	2.2.2.1. Decision making
	2.2.2.2. Working-memory performance
	2.2.2.3. Cognitive flexibility and information processing speed
	2.3. Statistical analyses

	3. Results
	3.1. Descriptive statistics
	3.2. Differences in decision making, executive functions, and impulsivity
	3.3. Exploratory correlation analysis

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

