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ABSTRACT

Background and aims: Compulsive sexual behavior disorder (CSBD) is characterized by persistent pat-
terns of failure to control sexual impulses resulting in repetitive sexual behavior, pursued despite adverse
consequences. Despite previous indications of addiction-like mechanisms and the recent impulse-control
disorder classification in the International Classification of Diseases (ICD-11), the neurobiological pro-
cesses underlying CSBD are unknown. Methods: We designed and applied a behavioral paradigm aimed
at disentangling processes related to anticipation and viewing of erotic stimuli. In 22 male CSBD patients
(age: M 5 38.7, SD 5 11.7) and 20 healthy male controls (HC, age: M 5 37.6, SD 5 8.5), we measured
behavioral responses and neural activity during functional magnetic resonance imaging (fMRI). The
main outcomes were response time differences between erotic and non-erotic trials and ventral striatum
(VS) activity during anticipation of visual stimuli. We related these outcomes with each other, to CSBD
diagnosis, and symptom severity. Results: We found robust case-control differences on behavioral level,
where CSBD patients showed larger response time differences between erotic and non-erotic trials than
HC. The task induced reliable main activations within each group. While we did not observe significant
group differences in VS activity, VS activity during anticipation correlated with response time differences
and self-ratings for anticipation of erotic stimuli. Discussion and Conclusions: Our results support the
validity and applicability of the developed task and suggest that CSBD is associated with altered
behavioral correlates of anticipation, which were associated with ventral striatum activity during antic-
ipation of erotic stimuli. This supports the idea that addiction-like mechanisms play a role in CSBD.

KEYWORDS

compulsive sexual behavior disorder, hypersexual disorder, sex addiction, functional MRI, anticipation,
sexual stimuli

INTRODUCTION

Compulsive sexual behavior disorder (CSBD) has been included in the International Sta-
tistical Classification of Diseases and Related Health Problems (ICD-11) (World Health
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Organization, 2019), listed in the subcategory of impulse-
control disorders. According to ICD-11, CSBD is charac-
terized by a persistent pattern of failure to control intense
sexual impulses or urges resulting in repetitive sexual
behavior, which is pursued despite adverse medical, psy-
chological, and social consequences. The prevalence of
CSBD symptoms is estimated to 3–10% of the general
population (Blum, Badgaiyan, & Gold, 2015; Carnes et al.,
2012; Derbyshire et al., 2015; Dickenson, Gleason, Coleman,
& Miner, 2018; Estellon et al., 2012; Kafka, 2010; Kingston
et al., 2013; Kor, Fogel, Reid, & Potenza, 2013; Kuhn et al.,
2016; Weinstein, Katz, Eberhardt, Cohen, & Lejoyeux, 2015).
Although some treatment options are available (Briken,
2020; Hallberg et al., 2019; 2020; Savard et al., 2020), they
still warrant improvement to assure better long-term out-
comes with high effectiveness.

Despite CSBD’s inclusion in ICD-11, the neurobiological
mechanisms underlying CSBD are still unknown (Derbyshire
et al., 2015). There are ongoing debates about the ICD-11
classification of CSBD based on limited neurobiological
findings (Fuss et al., 2019). Previous research suggests that
similar mechanisms as found in obsessive compulsive dis-
order, substance use disorders, and behavioral addictions
may play a role in CSBD. Impairments of brain regions
regulating sexual desire and arousal have also been proposed
(Blum et al., 2015; Carnes et al., 2012; Derbyshire et al.,
2015; Estellon et al., 2012; Kafka, 2010; Kingston et al.,
2013; Kor et al., 2013; Kraus, Voon, & Potenza, 2016; Kuhn
et al., 2016; Weinstein et al., 2015). Recent neuroimaging
studies have revealed that CSBD is associated with altered
processing of sexual stimuli (Stark, Klucken, Potenza,
Brand, & Strahler, 2018). A recent review concludes that
CSBD is associated with aberrant functioning in brain re-
gions implicated in habituation, impulse control, and reward
processing (Kowalewska et al., 2018). Brain regions involved
include prefrontal and temporal cortices, amygdala, and the
ventral striatum (VS) (Gola et al., 2018; Kowalewska et al.,
2018; Voon et al., 2014). Hence, the brain reward system
seems to play an important role in CSBD (Kowalewska et
al., 2018; Politis et al., 2013; Schmidt et al., 2017; Voon
et al., 2014), and there is growing evidence for that key
mechanisms overlap with those in substance and behavioral
addictions (Gola et al., 2018; Kowalewska et al., 2018;
Mechelmans et al., 2014). Therefore, it is still under dispute
whether CSBD may be better classified as addictive behavior.

A key aspect in addiction is the impairment of the brain
reward system leading to “excessive incentive salience”, or in
other words an extreme “wanting” or desire for a reward.
This leads to an intense urge to seek the reward, e.g.,
consume a drug. In line with this, individuals with substance
use disorders show abnormal brain activity in the context of
reward anticipation (Balodis et al., 2015), most consistently
in the VS, which is a long established key region in reward
anticipation processes (Jauhar et al., 2021; Oldham et al.,
2018). However, functional magnetic resonance imaging
(fMRI) studies that targeted anticipation processes in CSBD
are scarce (Gola et al., 2018), and many conclusions about
potential mechanisms have been derived from studies that

investigated neural response to the simple viewing of sexual
stimuli, omitting the investigation of stimuli anticipation.

Other limitations of previous fMRI studies include that
control images do not sufficiently control for the processing
of human body parts and social interactions. Furthermore,
brain activity observed during processing of sexual stimuli
can be confounded by general emotional arousal if not
controlled for (Walter et al., 2008). Feelings of shame
and guilt or trying to control sexual arousal during the
experiment can be confounding. Long stimuli durations
and the usage of block designs or videos make it difficult
to determine which phases of the sexual response cycle are
measured (Georgiadis et al., 2012; Markert, Klein, Strahler,
Kruse, & Stark, 2021), hindering data interpretation. Most
importantly, previous studies could not distinguish between
brain activity related to anticipation and viewing of sexual
stimuli. This distinction is however crucial to make claims
about ‘addiction-like’ phenomena in CSBD (Gola, Worde-
cha, Marchewka, & Sescousse, 2016).

A task frequently used to measure reward anticipation-
related brain activity is the well-validated monetary incentive
delay task, which disentangles reward anticipation from reward
receipt processes (Balodis et al., 2015; Knutson, Westdorp,
Kaiser, & Hommer, 2000; Lutz et al., 2014). This is done by
means of visual cues that predict the nature of a future reward.
One study has used an incentive delay task in combination with
visual sexual stimuli (Sescousse, Redouté, & Dreher, 2010), and
using this task researchers have shown that problematic
pornography consumption is associated with altered activation
of VS activity in response to cues predicting erotic pictures, but
not for cues predicting monetary rewards (Gola et al., 2017).
To the best of our knowledge, this was the first study that
quantified brain activity related to the anticipation of sexual
stimuli in subjects with symptoms related to CSBD. However,
monetary rewards were used as control trials, instead of non-
sexual bodily (emotional) images. The anticipation cues were
suggestive and contained – albeit sketched - sexual content,
whichmay already activate networks involved in the processing
of sexual stimuli (Gola et al., 2017). Notably, any symbolic
differences in anticipation cues, including color and shape, can
be confounding. Furthermore, image rating performed after
presentation of each stimulus as part of the task can induce
judgment related cognitive processes and affect neural activity
during stimuli presentation (Walter et al., 2008).

The aim of the present study was two-fold. First, we
aimed at overcoming task design limitations of previous
paradigms. Therefore, we developed an incentive delay task,
where visual sexual stimuli and bodily control images were
carefully matched on various image characteristics. The task
and data collection procedures were designed to avoid effects
of order, conditioning, and anticipation cue symbols. Sec-
ond, we aimed at applying the task in an fMRI experiment to
test if CSBD is associated with both altered behavioral
response and altered ventral striatum (VS) activity related to
the anticipation of sexual stimuli.

We applied the fMRI paradigm in 22 CSBD patients and
20 healthy controls (HC) and tested two hypotheses: 1) we
expected CSBD patients to show higher anticipation-driven
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motivation to view erotic rather than non-erotic images,
reflected in corresponding response time differences, after
correcting for age. 2): While we expected higher VS
involvement during anticipation of erotic images compared
to non-erotic images (erotic > non-erotic) in both groups,
we also tested whether CSBD patients showed a larger VS
response than HC. In this context, we also expected an in-
verse relationship between behavioral measures and VS ac-
tivity during anticipation.

In secondary tests, using neurocognitive testing, we
assessed objective measures of risk taking, inhibitory control,
and non-verbal intelligence, which were related to CSBD
diagnosis, behavioral, and fMRI outcomes. We also tested
for potential confounding effects by demographic, clinical
variables, and ratings of emotions during the task. Finally,
we explored how desire, liking, and arousal ratings relate to
the study outcomes.

METHODS

Participants

The study was performed at Karolinska Institutet and at
ANOVA, Karolinska University Hospital, Stockholm, Swe-
den. CSBD patients were recruited through the Swedish
phone helpline PrevenTell (Adebahr, Söderström, Arver,
Jokinen, & Öberg, 2021). More recruitment details, in- and
exclusion criteria are provided in the Supplemental Mate-
rials and elsewhere (Hallberg et al., 2020; Savard et al.,
2020). In brief, male patients who met criteria for CSBD
according to ICD-11 were invited to participate. Healthy
age- and sex-matched controls from the Stockholm catch-
ment area were recruited through public and multi-media
advertisements. Controls showed no indication of CSBD.

We enrolled 20 HC and 23 CSBD patients, of which 22
patients provided MRI data. All data were collected between
May 2018 and December 2020.

Clinical characteristics and questionnaires

Through online questionnaires, we assessed depression
symptom levels (Montgomery Asberg Depression Rating
Scale (MADRS-S) (Montgomery et al., 1979; Svanborg et
al., 2001)), attention deficit levels (Adult ADHD Self-Report
Scale (ASRS) (Kessler et al., 2005), alcohol and drug con-
sumption (Alcohol Use Disorders Identification Test
(AUDIT) (Bergman et al., 2002); Drug Use Disorders
Identification Test (DUDIT) (Berman, Bergman, Palm-
stierna, & Schlyter, 2005)), hypersexual symptoms (Hyper-
sexual Disorder Screening Inventory (HDSI) (Parsons et al.,
2013), Hypersexual Behavior Inventory (HBI) (Reid, Garos,
& Carpenter, 2011)), sexual compulsivity (Sexual Compul-
sivity Scale (SCS) (Kalichman et al., 1995)), sexual inhibi-
tion/excitation scales (SIS/SES) (Carpenter, Janssen, Graham,
Vorst, & Wicherts, 2008), anxiety levels (State-Trait Anxiety
Inventory - State (STAI-S) (Tluczek, Henriques, & Brown,
2009)), autism spectrum disorder symptoms (Ritvo Autism
Asperger Diagnostic Scale (RAADS-14) (Eriksson, Andersen,

& Bejerot, 2013)), sexual desire (Sexual Desire Inventory
(SDI) (Spector, Carey, & Steinberg, 1996)), general impul-
sivity (Barratt Impulsiveness Scale (BIS-11) (Stanford et al.,
2009)), and behavioral inhibition (Behavioral Inhibition/
Activation System (BIS/BAS) (Carver et al., 1994)). We
assessed the frequency of internet pornography consumption
and sexual encounters within the last 6 months, as well as
sexual orientation (7-point Kinsey scale) (Kinsey, Pomeroy,
& Martin, 1948). The latter ranged from 0-6 with 0 defined as
‘exclusively heterosexual’ and 6 ‘exclusively homosexual’.

Neurocognitive testing

We administered neuropsychological tests to obtain objective
estimates of impulsivity/risk taking (Balloon Analogue Risk
Task, BART (Lejuez et al., 2002)), inhibitory/impulse control
(Stop Signal Task, STOP-IT (Verbruggen, Logan, & Stevens,
2008)), and non-verbal intelligence (Ravens Standard Pro-
gressive Matrices, SPM (Raven et al., 2000)). SPM classifies a
person’s performance into grade I (lowest) to V (highest).
Higher Stop-Signal Reaction Time (SSRT) obtained from the
STOP-IT indicates lower inhibitory control. Measures for
risk taking obtained from BART were the adjusted number of
balloons and number of explosions (Lejuez et al., 2002),
where higher scores indicate more risk-taking behavior.

fMRI paradigm and stimuli

A detailed description of the fMRI paradigm is presented
in the Supplemental Materials. Figure 1 shows a scheme of
the paradigm. In brief, the task design was based on the
frequently used monetary incentive delay (MID) task (Knut-
son et al., 2000) and the incentive delay task used by Gola and
colleagues (Gola et al., 2017). The total number of trials was
n5 80 (40 erotic and 40 non-erotic trials). Picture stimuli were
obtained from the International Affective Picture System
(IAPS) (Lang, Bradley, & Cuthbert, 2008) and the Nencki
Affective Picture System (NAPS) (Marchewka, Zurawski,
Jednorog, & Grabowska, 2014; Wierzba et al., 2015). Stimuli
from both databases have been validated and shown to
induce significant levels of sexual arousal in various previous
studies (Gola et al., 2016; Marchewka et al., 2014; Politis et
al., 2013; Walter et al., 2008; Wierzba et al., 2015). Erotic and
non-erotic control stimuli were carefullymatched with respect
to valence and arousal ratings, and other image features. Since
participants were included regardless of their sexual orienta-
tion, we created two versions of the paradigm that erotic
stimuli could be matched to participants’ preference. More
details on the stimuli characteristics are provided in the
Supplemental Materials.

fMRI-experiment related questionnaires

Before and after MRI scan, participants were asked to rate
their cravings/desires for different items (including sexual
desire). Before the experiment, participants were asked how
much they are looking forward to the viewing of non-erotic
and erotic images. This was the primary rating of interest, as
it directly relates to anticipation. After the experiment,
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participants were asked to provide ratings of valence and
arousal induced by visual stimuli. Additional questions
focused on factors that could potentially have confounding
effects on brain activity during the experiment, such as the
experienced feelings of shame, guilt, and how much a
participant tried to control sexual arousal. See Supplemental
Materials for more information on fMRI-related
questionnaires.

Magnetic resonance imaging

Acquisition. MRI scans were performed on a 3T GE scanner
(Discovery MR750) equipped with an eight-channel head
coil. fMRI data was acquired with a 2D gradient-echo EPI
sequence and T1-weighted images were acquired using a
3D-BRAVO sequence. In addition to the fMRI scan, a T1-
weighted scan was performed and used for co-registration of
fMRI data. Imaging parameters are provided in the Sup-
plemental Materials.

Processing. Details on fMRI processing and analyses are
provided in the Supplemental Materials. In brief, using the
FSL 6.0.1 software suite, whole brain mean activation maps
(Contrast Of Parameter Estimates: COPE) for the effect of
interest (erotic > non-erotic events) were computed for both
the anticipation (main contrast 1, Fig. 1) and viewing phase

(contrast 2). These were used to investigate task-related
mean activation within-groups and between-group differ-
ences (contrast of interest: CSBD > HC).

While whole-brain group comparisons were exploratory,
our primary aim was to test for group differences in VS
activity during anticipation. Therefore, we extracted the
mean COPE values during the anticipation phase (and
viewing phase as control) from the VS (Figure S7) (Tziortzi
et al., 2011). These measures were analyzed in SPSS with
respect to case-control differences, sensitivity analyses for
potential confounding, and correlations with behavioral
outcomes (ΔRT) and CSBD symptoms (see below).

Statistical analyses

Group characteristics (demographic, clinical, and cognitive
data). Group characteristics in demographic and clinical
variables listed in Table 1 were compared using t-tests or
Fisher’s exact/Chi2. Group comparisons in risk taking and
SSRT were conducted using a univariate test of covariance
(ANCOVA), while correcting for age, in SPSS v26.

Incentive delay reaction times from fMRI task. Differences
between mean reaction times during erotic (RTE) and non-
erotic trials (RTN) - the behavioral equivalent of fMRI
contrasts - was expected to differ between CSBD patients

Fig. 1. Schematic representation of the sexual incentive delay fMRI task. Two example trials of non-erotic control trials (top) and erotic
trials (bottom) are shown. The total number of trials was n 5 80 (40 for each trial type) acquired in two sessions. Each session contained 20
erotic and 20 non-erotic control trials. Total task duration was approximately 24 min. The trial order was pseudo-randomized. Event du-

rations are indicated. Event 1 grey screen (determined the inter-trial interval): random duration between 4 and 7 s. Event 2 was the
anticipation phase presenting a cue symbol that indicated the type of trial, i.e., the future presentation of either an “erotic” or a “non-erotic”
image (main event of interest). The meaning of each symbol was explained to the participants outside the scanner, who also performed a
short practice session prior to the experiment. Event 3 (fixation cross) indicated task preparation. Event 4 target square: task requires button
press. Participants were instructed to press a button as quick as possible when the square appeared and if they would respond fast enough
the outcome image will be presented. The button-press task was included to keep participants alert and to assess reaction times as a proxy
measure for ‘motivation to win’. Fail rate was fixed to 20%, where an image of noise was presented instead as visual stimuli (see Sup-
plemental Materials for more details on task design). Event 5 grey screen: waiting period (random duration). In event 6, the image cor-
responding to the trial type was presented, i.e., either an erotic or non-erotic visual stimulus (secondary event of interest). Acquisition
procedure was designed to avoid potential order effects, effects induced by symbol rotation, and habituation/conditioning effects (see

Supplemental Materials). Jittering (random presentation times) of inter-stimuli durations was applied to disentangle reward anticipation
from receipt or button press-related brain activation.

Two contrasts were compared between CSBD patients and controls: Contrast 1 (main): Difference in brain activation between erotic and
non-erotic trials during anticipation phase (event 2). Contrast 2 (secondary): Difference in brain activation between erotic and non-erotic

trials during image presentation (event 6).
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and controls, as we hypothesized faster RTE in CSBD pa-
tients. Using a repeated measures ANCOVA, we tested for
the effects trial type (erotic vs. non-erotic), group (CSBD
vs HC), and trial type-by-group interaction on RT, while
correcting for age. Age correction was performed to account
for potential age-related variance in the data given that adult
human response times slow with age. We followed up by
computing ΔRT 5 RTE–RTN for each participant and
comparing ΔRT between groups using ANCOVA, while
correcting for age. We further explored whether ΔRT
correlated with CSBD symptom scores, including pornog-
raphy consumption measures. Given the small sample size
and the fact that symptom scores are commonly skewed, we
computed non-parametric Spearman rank correlations.

VS activation analyses. VS mean activation during antic-
ipation was compared between groups using ANCOVA,
while correcting for age (SPSS). We further tested whether
VS activity during anticipation correlated with its
behavioral equivalent ΔRT, and explored its relationship
with CSBD symptom severity and pornography con-
sumption measures (Spearman correlations) in the com-
bined cohort. The rationale was to identify genuine
associations between VS and ΔRT/CSBD symptoms
regardless of categorical diagnostic label and to increase
both score variance and statistical power. VS activation
for contrast 2 was analyzed similarly for interpretational

purpose. In further secondary regression analyses, we
investigated the relationship between VS activation during
anticipation and the main pre-fMRI rating of interest
‘looking forward to viewing erotic images’ rating scores
(Supplemental Materials).

Sensitivity analyses. For both, VS activity and ΔRT we
repeated group comparisons to test for potential con-
founding by demographic, clinical, desire/image rating, and
neurocognitive variables. Detailed methodology, list of var-
iables tested, and results of these tests are provided in the
Supplemental Materials (Table S8).

Ethics

The study procedures were carried out in accordance with
the Declaration of Helsinki. The study was approved by the
regional Ethical Review Board, Stockholm, Sweden. All
participants provided written informed consent.

RESULTS

Participants

Cohort characteristics are presented in Table 1. Groups
matched on age (CSBD: M 5 38.7, SD 5 11.7, HC: M 5
37.6, SD 5 8.5) and sexual orientation (one self-identified

Table 1. Demographics and clinical characteristics

Measure HC (n 5 20) CSBD (n 5 23) HC vs. CSBD (P-value)

Age, mean (SD) 37.6 (8.5) 38.7 (11.7) 0.741
BMI, mean (SD) 23.1 (2.8) 25.8 (4.5) 0.026
nicotine use (yes/no/sometimes), n
Moist snuff 3/16/0p 7/13/0p 0.157
Smoking 0/16/4 0/21/0p 0.048

Handedness (R/L/M), n 16/4/0 16/1/1p 0.822
Sexual orientation
Self-identified homosexual, n 1 1 0.919
Kinsey scale, mean (SD) 0.6 (1.1) 0.71 (1.3) 0.778

HDSI, mean (SD) 1.9 (2.2) 20.2 (3.8) <0.001
HBI, mean (SD) 22.5 (4.1) 69.4 (13.4) <0.001
SDI, mean (SD) 55.2 (12.6) 80.6 (17.1) <0.001
SCS, mean (SD) 11.2 (0.9) 29.4 (6.3) <0.001
Pornography consumption
times per week, mean (SD) 2.2 (2.3) 13.0 (20.7) 0.033
hours per week, mean (SD) 0.7 (0.7) 9.2 (8.0) <0.001
age at first consumption, mean (SD) 14.2 (3.4) 13.2 (4.9) 0.424

MADRS, mean (SD) 3.9 (4.9) 18.3 (7.8) <0.001
AUDIT, mean (SD) 4.1 (3.8) 6.3 (3.8) 0.059
DUDIT, mean (SD) 2.7 (4.5) 2.1 (3.0) 0.582
RAADS, mean (SD) 6.1 (6.0) 11.1 (7.7) 0.025
ASRS, mean (SD) 14.7 (10.6) 34.2 (11.7) <0.001
BIS-11, mean (SD) 53.1 (7.3) 66.7 (10.8) <0.001
BIS/BAS
BAS drive, mean (SD) 7.4 (2.3) 9.0 (2.7) 0.048
BAS fun seeking, mean (SD) 10.5 (2.5) 11.9 (1.7) 0.037
BAS reward response, mean (SD) 16.3 (2.1) 16.5 (1.6) 0.726
BIS, mean (SD) 17.9 (5.1) 20.7 (3.1) 0.033

STAI-S, mean (SD) 9.3 (2.0) 12.6 (2.5) <0.001

Demographic and clinical characteristics (mean (SD) or number of participants n) of both groups and corresponding results (P-values) of
group comparisons are presented. Note, data reported for all patients enrolled. Sexual orientation was measured through self-identification
and on a 7-point Kinsey scale. p indicates variables with missing data.
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homosexual in each group). CSBD patients had higher
BMI than HC (CSBD: M 5 25.8, SD 5 4.5, HC: M 5 23.1,
SD5 2.8), albeit still in the normal range. HC contained four
occasional smokers. There were no group differences in
medication use or psychiatric comorbidity (Table S1).
Compared with HC, CSBD patients scored significantly
higher on scales assessing hypersexuality symptoms, sexual
compulsivity and desire (HDSI, HBI, SDI, SCS), depression
levels (MADRS), attention deficits (ASRS), autism symptoms
(RAADS), anxiety (STAI-S), impulsivity and behavioral in-
hibition (BIS-11, BIS), but not reward response (BAS). CSBD
patients consumed more pornography than HC. There were
no group differences in drug and alcohol consumption or
number of sexual encounters or partners (Table S2).

Incentive delay reaction times obtained from fMRI task

Repeated measures ANCOVA revealed a significant effect of
trial type (P 5 0.005, F1, 39 5 9.0) and trial-by-group
interaction (P 5 0.009, F1, 39 5 7.5). Main effects of age and
group were not significant, (P 5 0.737 and P 5 0.867).
Follow-up tests of the main effect of trial type revealed that
in the combined group participants reacted significantly
faster during erotic compared with non-erotic trials (RTE <
RTN). Paired t-test comparing RTE and RTN within each
group showed that this was the case both in patients (P <
0.001) and controls (P 5 0.004). ΔRT (RTE–RTN) was
negative in both groups and significantly differed between
CSDB and HC (P 5 0.009, d 5 0.84), where CSBD patients
showed larger ΔRT, confirming the observed trial-by-group
interaction (displayed in Fig. 2). This difference may have
been driven by slightly lower RTE and larger RTN means in
CSBD compared with HC (Fig. 2, Table 2).

ΔRT correlated negatively with hypersexuality symp-
toms and sexual compulsivity (HDSI, HBI, SCS) (Table S9),
and with drive and reward response items of BIS/BAS
(Table S14).

Exploratory tests revealed that the CSBD group displayed
larger RT variability (standard deviation) during non-erotic
trials (SDN) than in erotic trials (SDE), which was not
observed in HC (Supplemental Materials; Table S3), indi-
cating that the group differences in ΔRT were likely influ-
enced by CSBD patients performing worse (or less
consistent) during non-erotic trials than HC, rather than
performing better during erotic trials.

Neurocognitive testing

There were no group differences in performance on the
BART (risk taking) or STOP-IT (SSRT, inhibitory/impulse
control). HC performed better on the Raven SPM test (non-
verbal intelligence) than CSBD patients. However, CSBD
patients showed an average performance, while HC per-
formed above average (Table 2).

Task-related activity (fMRI)

Within-group task-related mean activations during antici-
pation are shown in Fig. 3. Results for the viewing phase are
shown in the Supplemental Materials (Figures S4–S5).
Corresponding activations comprised regions previously
reported during anticipation and processing of visual sex-
ual stimuli, respectively, including VS, anterior cingulate
cortex, orbitofrontal cortex, insula, (pre)motor, visual, and
occipitotemporal regions (Georgiadis et al., 2012; Jauhar
et al., 2021; Oldham et al., 2018). On whole-brain level

Fig. 2. Behavioral results from the sexual incentive delay task
performed during fMRI. The scheme demonstrated the observed
trial-by-group interaction and corresponding ΔRT differences.

Mean reaction time for each trial type (erotic vs. non-erotic) and
group (HC vs. CSBD) are shown. ΔRT for each group is indicated

(vertical arrows). Numerical values are listed in Table 2

Table 2. Neurocognitive test results

Cognitive Tests
HC

(n 5 20)
CSBD

(n 5 23)
HC vs.
CSBD; P

Sexual incentive delay task
(fMRI) in msp

RTE, mean (SD) 281 (65) 270 (46) 0.544
RTN, mean (SD) 297 (72) 314 (68) 0.434
ΔRT, mean (SD) �15 (22) �43 (42) 0.009

SSRT in ms, mean (SD) 285 (30) 300 (59) 0.324
BART
Adj. pumps, mean (SD) 10.1 (5) 11.1 (4.8) 0.486
Nr. explosions, mean (SD) 13.6 (4.8) 14.3 (4.4) 0.664

Raven SPM
Mean (SD) 2.3 (1.0) 2.9 (0.8) 0.041
Grade I, n 4 1 0.042
Grade II, n 9 6
Grade III (average), n 4 11
Grade IV, n 1 5
Grade V, n 1 0

Results obtained from cognitive testing are shown. Means and
standard deviations (SD) of each group are listed. Results of group
comparisons (P-values) are provided. BART: Balloon Analogue
Risk Task, SSRT: Stop-Signal Reaction Time (inhibitory/impulse
control), Raven SPM: Raven standard progressive matrices (non-
verbal intelligence). Outcome measures from the sexual incentive
delay task performed during fMRI are listed as well: RTE: average
reaction time during erotic trials, RTN: average reaction time
during non-erotic trials. ΔRT 5 RTE�RTN. pone CSBD patient did
not perform the fMRI task.
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(exploratory), no group differences were observed after
correction. See Figure S3 and S6 for uncorrected results.

VS activation and correlations with ΔRT and CSBD
symptoms

There were no significant group differences in VS mean
activation during anticipation (or viewing phase, Table 3).

However, VS activity during anticipation correlated nega-
tively with ΔRT (r 5 �0.33, P 5 0.031), whereas ΔRT did
not correlate with VS activation during the viewing phase
(r 5 0.18, P 5 0.250). There was one visual outlier with low
ΔRT and high VS activity during anticipation (Fig. 4). The
correlations between ΔRT and VS activity during anticipa-
tion was still suggestive (P 5 0.072) after removing this
outlier (Figure S2, Table S10), and the directionality and

Fig. 3. Within-group task-related fMRI mean activations. Corrected COPE mean activations (erotic > non-erotic) for contrast 1 (antici-
pation) are displayed for both healthy controls (HC, top) and CSBD patients (bottom). Z values are indicated by color (heat map). Although
there are visual regional differences in activation patterns between HC and CSBD, direct group comparisons were not significant after
correction (same applied to the reversed contrast HC > CSBD). Note that whole brain analyses were exploratory. Results for contrast 2
(viewing phase) and uncorrected group comparisons at a threshold of P 5 0.01 are shown in the Supplemental Materials (Figure S3–S6).
Cluster statistics, MNI coordinates of activation maxima, and regional labels are provided in the Supplemental Materials Table S10 and S12
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effect strength remained (r5�0.28). Note that we could not
identify reasons that justified removing the outlier from an-
alyses (no erroneous data). Among all participant, this subject
scored the highest on all CSBD symptoms scores (indicated
by multivariate outlier analyses; Supplemental Materials).
Further, a non-parametric Spearman rank correlation was
applied, which is, compared to a conventional Pearson cor-
relation, less sensitive to outliers. Hence, all performed tests
deem the results including the outlier reliable.

Finally, VS activation during anticipation, but not VS
activation during viewing phase, correlated with pornog-
raphy consumption measures (Table S9), but not with other
CSBD symptom scores.

Desire, liking, and other emotional responses during
the fMRI task

Detailed results of the fMRI experiment-related question-
naires can be found in the Supplemental Materials (Table
S4–S6). In brief, CSBD patients desired to engage in sexual
activity more than HC, and this desire increased after the
experiment in both groups. Although there were no group
differences with respect how much participants liked the
stimuli, CSBD patients looked significantly more forward to
viewing erotic images than non-erotic images. This was not
observed in HC. In CSBD patients, not in HC, VS activity

during anticipation correlated positively with the ‘looking
forward to erotic images’ rating (r5 0.61, P5 0.002; Fig. 4).
Such correlations with ΔRT were suggestive (Supplemental
Materials).

Sensitivity analyses

The results remained robust when controlling for potential
confounders (Table S8) with the exception that group
differences in ΔRT were not significant when controlling
for depression ratings (MDRS). This result should, how-
ever, be interpreted with caution, as depression relates to
CSBD, the phenotype of interest (Ballester-Arnal, Castro-
Calvo, Giménez-García, Gil-Juliá, & Gil-Llario, 2020; Hyatt
et al., 2020).

DISCUSSION

In this study, we applied a new experimental fMRI paradigm
aimed at separating processes related to anticipation from
those related to processing of visual sexual stimuli. The task
was used to investigate behavioral and neural correlates of
CSBD with a focus on VS activity during anticipation. We
further tested how CSBD symptoms and objective measures
of risk taking, inhibitory control, and non-verbal intelligence
related to our outcomes.

Behavioral differences between HC and CSBD

In line with our hypothesis, CSDB patients showed larger
differences between reaction times measured during erotic
and non-erotic trials (ΔRT) than HC. The effect size was
large (d 5 0.84). The results remained robust when cor-
recting for potential confounder variables and indicate po-
tential differences in motivational drive – and potentially
desire - to view erotic or non-erotic images. The differences
seemed to be driven by CSBD patients showing slower mean
reaction times and larger performance variability during
non-erotic trials, indicating less motivation/desire to view
non-erotic images compared with HC. Note that this does

Table 3. Group comparisons in VS mean activation

HC
(n 5 20)

CSBD
(n 5 22)

HC vs.
CSBD; P

Cohen’s
d

VS activity
(contrast 1:
anticipation)

173 (471) 329 (819) 0.457 0.20

VS activity
(contrast 2:
viewing)

181 (481) 69 (700) 0.54 0.19

Mean (SD) of COPE activation extracted for VS during contrast
1 (anticipation) and 2 (viewing phase) are listed for each group.
Results (P-values) and effect size (Cohen’s d) of group comparisons
are provided (HC vs. CSBD).

Fig. 4. A: Correlation between VS activation during anticipation and ΔRT. Patient data is plotted in red, HC data in blue. Supplementary
Figure S2 shows the regression plot when excluding the outlier with highest VS and lowest ΔRT. Note that we deem results including the
outlier reliable (see main text and Supplemental Materials for reasoning). B: Correlation between VS activity during anticipation phase and
rating of how much CSBD patients reported to look forward to viewing erotic images (asked before fMRI experiment) (r5 0.61, P5 0.002).

Such correlation was not observed in controls (r 5 �0.221, P 5 0.362; see Supplemental Materials for more details)
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not exclude the possibility for higher motivational drive or
desire in CSBD patients towards viewing erotic images
(indicated by lower mean RTE) compared to HC, as there
are physical limitations to motor response speed. Impor-
tantly, these behavioral differences suggest that processes
involving the anticipation of erotic and non-erotic stimuli
may be altered in CSBD and support the idea that reward
anticipation-related mechanisms similar to those in sub-
stance use disorders and behavioral addictions may play an
important role in CSBD, as previously suggested (Chatzit-
tofis et al., 2016; Gola et al., 2018; Jokinen et al., 2017;
Kowalewska et al., 2018; Mechelmans et al., 2014; Politis
et al., 2013; Schmidt et al., 2017; Sinke et al., 2020; Voon
et al., 2014). This was further supported by the fact that we
did not observe differences in other cognitive tasks
measuring risk taking and impulse control, opposing the
idea that general compulsivity-related mechanisms are at
play (Norman et al., 2019; Mar, Townes, Pechlivanoglou,
Arnold, & Schachar, 2022). Intriguingly, the behavioral
measure ΔRT correlated negatively with hypersexuality
symptoms and sexual compulsivity, indicating that antici-
pation-related behavioral alterations increase along with
CSBD symptom severity.

Sexual incentive delay task-related brain activity

Within each group, the task induced explicit region-specific
activations both during anticipation and viewing phases
(Fig. 3). Mean activations comprised regions previously
reported during both anticipation and processing of visual
sexual stimuli, including activations in VS, anterior cingulate
cortex, orbitofrontal cortex, insula, (pre)motor, visual, and
occipitotemporal regions (Georgiadis et al., 2012; Jauhar
et al., 2021; Oldham et al., 2018), supporting the specificity,
validity, and applicability of the task. This was further
supported by the fact that performing the task increased
sexual desire, while desires for other assessed items did not
increase after the experiment, indicating that the task spe-
cifically targeted sexual desire.

Although clear regional activation differences were
observed in HC and CSBD patients during the anticipation
phase (Fig. 3), where, compared with HC, CSBD patients
showed more pronounced activations in prefrontal cortex
and subcortical regions, including VS, we did not find sig-
nificant group differences on whole-brain level. Note that
whole-brain analyses were exploratory, and larger samples
may be required to identify small effects. Hence, from these
findings it should not be concluded that CSBD is not asso-
ciated with functional brain abnormalities during anticipa-
tion, especially, since correlational analyses as discussed
below point to the opposite.

Main analysis on VS activity during anticipation

Although numerical differences were as expected (CSBD >HC),
the effect size was small and there were no significant group
differences in VS mean activation during anticipation. Also
here, larger samples may be required to capture task-based case-
control differences in VS activation. However, VS activity

during anticipation correlated negatively with ΔRT (moderate
correlation), whereas ΔRT did not correlate with VS activation
during the viewing phase. Hence, the larger the behavioral
differences between erotic and non-erotic trials, the larger the
VS mean activity during anticipation (note that also here erotic
vs. non-erotic trials were contrasted). Since the behavioral
response could directly be linked to VS activity during antici-
pation, but not viewing, of images, we suggest that differential
neural responses related to anticipation may in fact explain the
behavioral abnormalities observed in CSBD. In line with this
notion, compared with HC, CSBD patients looked significantly
more forward to viewing erotic than non-erotic images, and VS
activity during anticipation correlated with ratings on how
much patients were looking forward to the viewing of erotic
images prior to the experiment.

In summary, the observed behavioral group differences
and the fact that VS activity during anticipation related to
both objective (ΔRT) and self-rated measures of anticipation
were in line with our hypothesis that excessive incentive
salience and related neural processes of reward anticipation
play a role in CSBD.

LIMITATIONS

First, conclusions about causality cannot be drawn, as this
study was cross-sectional. Second, since group differences in
neural activity during anticipation may be of small effect
size (here d 5 0.2), or potentially non-existent, larger study
samples may be required to detect this. Third, there are
scientific debates around whether CSBD symptoms may
result from coping mechanisms compensating for unpleas-
ant affective states (e.g., depression) or if depressive mood
states result from distress caused by CSBD. While both
mechanisms may contribute, they cannot be disentangled in
this study. However, it is well-known that depression and
CSBD are highly correlated (Antons et al., 2021), thus, our
study cohort represented an ecologically valid clinical
sample of patients with CSBD. Fourth, the frequency of
sexual encounters did not differ between groups. CSBD
patients, however, showed more frequent pornography
consumption often observed in CSBD (Antons et al., 2021).
In addition, we found a correlation between VS activity
during anticipation and pornography consumption mea-
sures. While a previous study by Markert et al. did not find
such correlations in healthy individuals, the authors stated
that such associations may be observed in samples with
increased levels of pornography use (Markert et al., 2021),
which may explain why we were able to detect these re-
lationships in the present study. Hence, our findings are in
line with studies suggesting that problematic pornography
consumption is associated with altered VS activity during
visual cues predicting erotic pictures (Gola et al., 2017).
Although sexual behavior outcomes may have been different
if some participants would not have been recruited during
the COVID-19 pandemic, it remains to be investigated
whether our results are more generalizable to CSBD sub-
groups with high-frequency pornography use. Notably, the
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identification of clinical subgroups was not the aim of the
present study, but we suggest that it should be considered in
future research. Finally, we have used a low and fixed fail
rate in the fMRI task to maximize anticipatory effects and
enhance data homogeneity. Although we provided expla-
nations for unexpected outcomes and there was no indica-
tion that participants suspected predetermined fails, it
remains unknown how participants would have performed
using an adaptive paradigm.

CONCLUSION

The developed fMRI paradigm overcomes several limitations
of previous paradigms, and our results support its applica-
bility in healthy and in clinical cohorts. Our findings suggest
that CSBD is associated with altered behavioral correlates of
anticipation, which further related to VS activity during
anticipation of erotic stimuli. The findings support the idea
that mechanisms similar as in substance and behavioral
addictions play a role in CSBD and suggest that the classi-
fication of CSBD as an impulse-control disorder may be
arguable on the basis of neurobiological findings.
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