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Abstract

Chemsex describes the use of specific substances (methamphetamine, GHB/GBL, mephedrone, ketamine) which initiate or
enhance sexual experiences and is mainly prevalent among men who have sex with men. Many Chemsex users experience
somatic complications (for example sexually transmitted diseases) and sometimes adverse sociological, psychological,
and neurological symptoms, such as depression, impulse control disorders or hypersexuality. Changes in impulsivity and
deficits in executive functions have demonstrated to be associated with addiction and impulse control disorders as well
as frontal brain dysfunction and behavioral control deficits. This study aims to explore the effects of neurophysiological
correlates of inhibition and decision making in Chemsex users with an EEG paradigm using event-related potentials (N2,
P3). 15 Chemsex users and 14 matched control subjects, all of them men who have sex with man, participated in an
auditory Go/NoGo/Voluntary Selection EEG paradigm. In addition, clinical data (e.g. regarding depression), demographic
information as well as measures of well-being and sexual behavior were collected. The results demonstrated that clinical
symptoms, hypersexuality, and sexual risk behavior were more pronounced in Chemsex users compared to non-users. P3
amplitudes did not differ significantly between groups. However, the Chemsex users showed decreased electrophysiologi-
cal N2 responses in fronto-central brain regions during decision-making, indicating compromised executive function and
inhibitory control. The observed impairments may lead to increased risk behavior regarding drug abuse and hypersexual-
ity. Understanding the neurobiological mechanisms can contribute to targeted interventions in order to mitigate the nega-
tive consequences of engaging in Chemsex and improve general well-being.
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Introduction

Chemsex is an emerging global phenomenon of gaining
importance [1]. It is defined as voluntary sex under the influ-
ence of specific substances (“chems”) and is predominantly
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practiced by men who have sex with men (MSM) just before
or during sexual encounters [1].

David Stuart, one of the pioneers in defining Chemsex,
specifically identified the primary substances associated
to its practice: methamphetamine (“Crystal Meth”) and
mephedrone, both synthetic stimulants, along with gam-
mahydroxybutyrate/gamma-butyrolactone (GHB/GBL) [2].
Over time many authors have also included the dissociative
anesthetic ketamine in the classification of substances asso-
ciated with Chemsex [3]. Poly drug use is common [4] and
Chemsex is typically practiced intermittently interspersed
with episodes of abstinence [5]. The majority of Chemsex
users reports that the substances aid in facilitating, enhanc-
ing, prolonging and sustaining their sexual experience [4].
However, regular practice of Chemsex often leads to nega-
tive consequences. These consist of physiological effects
such as contracting multiple sexually transmitted diseases
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(STD’s) [6], interpersonal and social consequences like
experiencing abuse during sexual sessions, loss of control,
and difficulties managing work or daily life [7]. Addition-
ally, psychological effects including anxiety, depression
and psychosis [4, 7, 8] as well as neurological manifesta-
tions such as convulsions [4] have been observed. Despite
not recognizing their substance use as an addiction, Chem-
sex users exhibit similarities to individuals with addictive
disorders including impaired control over consumption,
physiological tolerance development, and prioritization of
chemsex practices over other life aspects [9].

Up to 22% of MSM living with HIV have displayed a
higher degree of compulsive sexual behavior and dimin-
ished impulse control, leading to an intense preoccupation
with sexual desires and inability to restrain them [10]. Con-
sequently, they engage in more frequent and unsafe sexual
encounters, commonly referred to as “hypersexuality”. It is
characterized by an overwhelming and uncontrollable fixa-
tion on sexual fantasies, urges, and behaviors, resulting in
loss of control, distress, and other negative consequences
[10-12]. For instance, those affected frequently tend to
engage in risky sexual behavior to cope with stress or nega-
tive emotions. This can lead to conflicts in other areas of
their lives and poses a potential harm to themselves or oth-
ers [11, 12]. Despite attempts to control or decrease these
behaviors, individuals with hypersexuality frequently find
themselves repeating recurrent patterns, returning to pre-
vious behaviors [11, 12]. Consequently, hypersexuality is
linked to difficulties in controlling impulses.

Impulsivity seems to play a major role in addictive behav-
ior. It is a personality trait which exists on a continuum of
varying degrees. It can be useful and necessary for the rapid
execution of tasks. However, very high impulsivity involves
a predisposition to respond to internal or external stimuli
with a swift and unplanned reaction without considering the
negative consequences for oneself or the environment [13].
Impulsive behavior often appears situationally inappropri-
ate and uncontrolled to outsiders. The aspects of impulsivity
include quick decisions, intolerance to reward delay, lack
of perseverance, and inflexibility [13]. Dawe et al. (2004)
found that impulsive behavior is often related to drug abuse
with substance misusers scoring higher on impulsivity
measures such as novelty-seeking, sensation-seeking, and
behavioral control [14]. Additionally, children with mea-
sured impulsiveness appeared to be at higher risk of devel-
oping substance use disorders as adults [14].

Impulsivity involves neurobiological mechanisms, with
particular emphasis on the prefrontal cortex, as its impair-
ment has been linked to the inability to inhibit compulsive
behavior [14]. Deficits in executive functions [15-18] and
behavioral control [19, 20] are associated with changes in
impulsivity. Disinhibition resulting from impulsivity can
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lead to behavior that is primarily determined by previously
conditioned responses, which may be inappropriate for the
current circumstances [21]. The impulsivity-associated neu-
ropsychological dysfunctions of the frontal lobe often lead
to the inability to perform complex psychomotor tasks and
other frontal lobe-related skills, such as problem solving
[22]. Evidence points not only to the involvement of frontal
brain structures, but also fronto-striatal brain regions. These
include the dorsolateral prefrontal cortex, anterior cingulate
cortex (ACC), basal ganglia, thalamus, ventromedial tempo-
ral cortex, and medial parietal/posterior cingulate [22—28].

One of the factors contributing to prefrontal impairment
is drug abuse. Long-term exposure to drugs can directly
negatively affect frontal cortex regions involved in inhibi-
tory response control, such as the fronto-striatal system or
neural dopaminergic projections and pathways [21]. Stud-
ies have demonstrated that drug addiction is associated with
impaired brain function and neural correlates, including
lower activity in prefrontal cortical regions [29, 30]. This
is a particularly interesting fact, as substances increase
impulsivity and, conversely, deficits in this area increase
drug use. Additionally, substance abuse has been shown to
cause lasting damage to neural structures and circuitry, that
also lead to impulse control and compulsive disorders [31].
Individuals who suffered from alcoholism exhibited meta-
bolic abnormalities, such as decreased glucose utilization,
and reduced blood perfusion, particularly in frontal brain
regions [17, 22, 23, 25].

In the pursuit of deeper insights into the underlying neural
mechanisms of cognitive deficits regarding impulsivity and
addiction, scientists have employed event-related potential
(ERP) techniques that are measured using electroencepha-
lography (EEG). ERPs are timed measurements of electrical
brain activity that represent a specific phase of cortical pro-
cessing [32]. These approaches enable the investigation of
brain activity patterns associated with drug addiction. Exec-
utive functions, for example decision making, impulsivity
and behavioral inhibition, are often addressed using so called
Go/NoGo paradigms: In these paradigms, participants are
instructed to rapidly respond to Go trials while withholding
behavioral responses on NoGo trials. Two components of
the ERPs measured in such tasks are the N2 negativity and
the P3 positivity, which occur approximately 200ms and
300ms after the stimulus, respectively [32]. The N2 and P3
components emanate from the ACC and are employed in
such Go/NoGo tasks to measure behavioral suppression and
cognitive control [33]. Given the established association
between deficits in these cognitive domains and impulsiv-
ity, ERPs are consequently employed to quantify impulsiv-
ity. Studies have consistently revealed frontocentral activity
(N2, P3) linked to behavioral inhibition [34—36]. Specifi-
cally, increased N2 and P3 responses are observed when



European Archives of Psychiatry and Clinical Neuroscience

a response is withheld (NoGo trials) within a series of Go
trials [36—39]. The ACC has also been shown to be active
during voluntary-decision making, particularly in scenarios
involving conflicting response trials with simultaneous
incompatible response tendencies [38]. Modified ERPs
have been observed in individuals with addiction disorders.
Blunted N2 amplitudes, particularly during the NoGo con-
dition, have been found in people with addictions to heroin
[40], nicotine [41] and even internet [42, 43]. Decreased P3
amplitudes have been detected in subjects with addictions to
alcohol [44], heroin [45], GHB [46] and ecstasy [47]. Addi-
tionally, a study focusing on cocaine abusers revealed hypo-
activity of higher-level executive motor control attributed
to the prefrontal cortex and an impairment of the ACC [48].

In the present study, we examined neurobiological cor-
relates (ERPs) of Chemsex users and a control group by
applying a Go/NoGo EEG-paradigm with an additional
Voluntary selection condition to assess decision-making
and impulsivity. Additionally, we conducted clinical data
measuring depression and well-being, hypersexuality and
sexual risk behavior.

Methods
Subjects

43 adult MSM (23 Chemsex users and 20 control subjects)
were examined in the EEG study. The Chemsex users
included were mainly acquired through our Chemsex outpa-
tient clinic of the LMU University Hospital, LMU Munich.
The control group was reached largely by distributing flyers
in queer bars and restaurants as well as in medical practices
specializing in treating and preventing HIV by prescribing
Pre-Exposure Prophylaxis (“PrEP”). Inclusion criteria for
both groups were age between 18 and 60 and identification
as MSM. A criterion exclusively for the Chemsex group was
the use of one or more main substances (methamphetamine,
ketamine, GHB/GBL, or mephedrone) in a sexual context at
least once within the past six months. The control subjects
consisted exclusively of individuals who had never used
any of the four main substances in a sexual context. All par-
ticipants received instruction to abstain from drug consump-
tion (except for nicotine) and sexual encounters in the 24 h
prior to the experiment. Subjects with serious medical con-
ditions, acute intoxication, suicidal or psychotic states were
excluded from the study. The subjects of both groups were
matched with each other for age and level of education.

A total of 14 participants (8 Chemsex users and 6 control
subjects) were excluded from the data analysis: 2 partici-
pants exhibited auditory impairment and were not able to
distinguish the different auditory stimuli, 1 subject displayed

artefacts due to consistent eye movements, and 11 subjects
demonstrated incomplete comprehension of the task and
its conditions (by pressing the button less than 10 times or
exceeding 90 times after the Voluntary selection stimulus).
29 subjects were included in the analysis: 15 Chemsex users
(aged between 36 and 58 years; mean age 44.67 + 8.97) and
14 control subjects (aged between 21 and 57 years; mean
age 39.71 + 11.03). The two groups did not differ signifi-
cantly in terms of age [T = -1.33; p=0.194] and education
level (60% of Chemsex users and 71,4% of the control sub-
jects had a university degree) [p=0.518] (Table 1).

Written informed consent was obtained from each par-
ticipant after study procedures and privacy measures were
fully explained. The study was previously approved by the
ethics committee (No. 18-833) of the LMU University Hos-
pital Munich and conducted in accordance with the Decla-
ration of Helsinki. Each volunteer of the control group was
paid 50€ for participating in the study.

EEG procedure and paradigm

Subjects performed a Go/NoGo/Voluntary EEG paradigm
involving auditory stimuli, which are suitable for investi-
gating cognitive processes such as response inhibition and
attention. Auditory stimuli offer advantages in mitigating
potential confounds associated with eye movements and
attention shifts often encountered with visual stimuli [49].
We deliberately abstained from employing sexual or drug-
related stimuli to preclude potential biases in attention,
cognitive processing, and response tendencies between the
Chemsex and control group, which could arise from differ-
ent attitudes towards such content. The EEG paradigm con-
sisted of sinusoidal tones (pressure level of 100 dB) with
three different pitches (800, 1000 and 1300 Hz), delivered
binaurally via headphones. The tones were 50ms long and
presented in pairs of intervals of 1000ms. The subsequent
trial was presented 2000ms after the second tone. The tone
with the middle frequency (1000 Hz) served as a cue indi-
cating the requirement for a reaction. Participants kept their
dominant index finger on the button of the response box.
Notably, three out of the 15 Chemsex patients and one out
of the 14 control subjects were left-handed. The rest stated
to be right-handed. They were instructed to press the but-
ton with their dominant hand as quickly as possible when
the middle frequency tone was immediately followed by
the high frequency tone (1300 Hz; Go condition), all while
minimizing errors. In the NoGo condition, the cue tone was
followed by a low frequency tone (800 Hz), and subjects
were instructed to inhibit their responses by not pressing
the button. In the Voluntary Selection condition, the cue
was followed by a tone with the same frequency (1000 Hz)
and participants were allowed to freely decide whether to
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Table 1 Demographic characteristics of chemsex and control group

Chemsex group Control group p
Age (M + SD) 44.67 + 8.97 39.71 + 11.03 0.194
Age (Range) 36-58 21-57 -
Education level 60 71.4 0.518
(% of participants
with university degree)
Psychiatric treatment in the past (%) 333 429 0.597
Current permanent relationship (%) 66.7 71.4 0.782
Number of sexual partners in the last 6 months (M + SD) 15.60 + 9.575 11.00 = 15.072 0.337
Current or past STD (%) 93.3 64.3 0.054
Consumption of
Alcohol (%) 93.3 100.0 0.326
Nicotine (%) 46.7 429 0.837
Cannabis (%) 333 71.4 0.040
Methamphetamine (%) 93.3 7.1 <0.001
GHB/GBL (%) 80.0 28.6 0.005
Mephedrone (%) 46.7 0.0 0.003
Ketamine (%) 46.7 14.3 0.060
Cocaine (%) 73.3 28.6 0.016
MDMA (%) 533 35.7 0.340
Amphetamine (%) 333 21.4 0.474
Poppers (%) 100.0 50.0 0.002

M =mean value, SD =standard deviation, % = percentage, p =level of significance, Consumption of =the participants stated to have used this

substance at least once in their life

Table 2 Frequency of the tone qualities used in the experiment, and number of trials with the corresponding experimental condition

Tone qualities Conditions

M middle frequency (1000 Hz) Go M +H (200 trials)

L low frequency (800 Hz) NoGo M +L (100 trials)

H high frequency (1300 Hz) Voluntary M+ M (100 trials)
Control L+ H/M/L (100 trials)

Hz=Hertz

press the response button (Selection +) or not (Selection -).
Subjects were asked to independently choose whether they
wanted to respond or not during the Voluntary Selection task,
with the aim of having approximately equal frequency of
button presses and non-presses in random order. In addition,
subjects were instructed not to count how often they pressed
the button and not to alternate between button press and not
press. Subjects who pressed the button after less than 10%
or more than 90% of the Voluntary Selection’s tones were
excluded from the study, because it could not be guaran-
teed that they had understood the instructions. Finally, the
paradigm contained two passive listening tasks where par-
ticipants were not required to respond regardless of the sec-
ond tone’s frequency. Those tasks always started with the
low-frequency tone (800 Hz; Control condition). All condi-
tions were presented in pseudo-randomized order, with the
Go condition being presented 200 times and all other condi-
tions being presented 100 times each. An overview of all
tone qualities and number of trials is presented in Table 2,
an exemplary sequence of different tone pairs is presented
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in Fig. 1. Prior to recording the EEG, all subjects received
a practice block of at least 10 min to familiarize themselves
with the different response rules and ensure complete under-
standing of the instructions. Also, the practice block should
ensure normal hearing of all participants. The auditory stim-
uli were generated using the Presentation software package
(Neurobehavioral Systems, http://neurobs.com) on a com-
puter placed outside the room where subjects were seated
comfortably in chairs while the EEG was recorded.

Recording of behavioral data and analysis

Behavioral data were gathered using the Presentation soft-
ware package (Neurobehavioral Systems, http://neurobs.
com). Reaction times (RTs), errors of omission (during Go
condition) and commission (during NoGo condition) were
recorded. In the Go condition, response delays exceeding
1500ms after stimulus presentation were regarded as errors.
Responses faster than 50ms were considered anticipatory
responses and counted as errors as well. In the Voluntary
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Passive listening

Voluntary button press

Inhibit button press

Required button press

2000ms

1000ms

Fig. 1 Exemplary sequence of presented tone pairs. ms=milliseconds

Selection condition, button presses occurring within the
0-1500ms after stimulus presentation were categorized as
Selection +, while trials without behavioral response within
the first 1500ms were classified as Selection -. Mean RTs
for each condition (Go, Voluntary Selection +) and for each
subject were calculated separately. To compare response
times and error rates, a repeated-measurement ANOVA was
conducted, utilizing Chemsex group and control group as
between-factors.

EEG acquisition and data analysis

Event-related potentials were recorded using a setup with
27 electrodes, all referenced to Cz. The electrodes place-
ment on the scalp followed the international 10-20 system,
using an electrode cap set (Easycap, Germany). A ground
electrode was integrated in the cap. The specific electrode
positions included Fp1, Fp2, F3, F4, C3, C4, P3,P4, 01, 02,
F7,F8, T3, T4, T5, T6, Fz, Cz, Pz, Fcl, Fc2, Fc5, Fc6, Cp5,
Cp6, P9, P10, with additional electrodes at T1, T2, Al and
A2. Eye movements were recorded using a channel beneath
the left eye (EOG). The EEG signals were continuously
recorded and digitalized at 5000 Hz without any filter dur-
ing acquisition. Electrode impedances were typically main-
tained below 5 kQ. An amplifier designed for inside scanner
recordings (Brain Products, Munich) was used for EEG
acquisition. During the task, participants were instructed
to remain calm and keep their eyes closed. Recording took
place in a sound-attenuated and electrically shielded room.
Data analysis was performed using the Brain Vision Ana-
lyzer Software (Brain Products, Munich). Channels Al and
A2 were excluded from analysis due to continuous artefacts

tone M

Control
tone H/M/L

Voluntary tone L

tone M

2000ms

in most data sets. The data were re-referenced to a common
average reference and run through a Zero phase shift But-
terworth filter using a 1 Hz-low cutoff, a 100 Hz-high cutoff,
and a 50 Hz-notch filter. The recordings were segmented
into 2750ms epochs, time-locked 200ms before first stimu-
lus of each pair of tones, separately for different conditions
(Go, NoGo, Voluntary Selection, Control).

The sampling epoch started 1000ms before the presenta-
tion of the second tone that indicated which task was to be
performed. An amplitude criterion of 70 mV was used for
artefact rejection, including all channels at any time point
during the averaging period. For baseline-correction, the
200ms interval before the presentation of the second stimu-
lus of each pair of tones was used. ERP waveforms were
averaged separately for each task condition. Trials with
incorrect responses (button press after NoGo or Control
tasks; no response after Go tasks) were excluded prior to
averaging. The N1, N2 and P3 ERPs were examined at the
midline fronto-centro-parietal scalp electrodes (Fz, Cz, Pz).
The N1 was defined as the relative minimum of the ERP at
electrode in the search window of 50.0-150.0ms. The N2
was defined as the largest relative minimum of the ERP in
the search window of 150-250ms. The P3 was defined as
the largest relative maximum of the ERP 250-650ms after
the presentation of the respective task.

Clinical data and questionnaires
Further data was collected, including the Beck Depression
Inventory (BDI) a self-rated questionnaire [50] and the

Montgomery-Asberg Depression Rating Scale (MADRS)
as an expert-rated questionnaire [51] to assess the potential
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severity of depression. In addition, participants filled out a
survey concerning their demographic data, sexuality and
Chemsex behavior (only applicable to the Chemsex group),
as well as the Hypersexual Behavior Inventory (HBI), a
psychological, self-rating assessment tool to measure the
severity of hypersexual behavior [11, 52]. All participants
rated their physical and mental well-being, as well as their
sexual risk behavior on a Likert-scale from 1 to 10 (higher
scores indicating better well-being and safer sexual behav-
ior, respectively). To evaluate substance use, participants
were queried about their use of 23 different psychotropic
substances, specifically whether they had consumed each
substance at least once.

Statistics

Repeated measurement ANOVAs were calculated for the
maximum ERP-amplitude in each interval (N1, N2, P3) with
the two repeated-measurement factors task (Go +, NoGo -,
Voluntary Selection +/- and Control) and electrode position
(Fz, Cz, Pz) and one between subject factor group (Chem-
sex users: “CHSX”, and control subjects: “Control”). In
case of a significant Mauchly-test, the Greenhouse-Geisser
correction was applied. Additionally, post hoc t-tests were
performed with Bonferroni correction for multiple tests:
p-values smaller than 0.05 were considered significant,
p-values smaller than 0.1 were considered trend. The rela-
tionship between reaction times, amplitudes, demographic
parameters, MADRS, BDI and HBI, were calculated using
the Pearson correlation coefficient for interval-scaled vari-
ables and the Spearman correlation coefficient in case of at
least one nominal-scaled variable. Furthermore, we calcu-
lated t-tests or y2-tests to compare specific questionnaire
parameters between Chemsex users and the control group.

Fig. 2 Mean value per group for 10
self-rated physical and mental 9
well-being as well as sexual risk
behavior 8
7
Q
= 6
g
o 5
S 4
p=
3
2
1
0

Control group
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Results
Questionnaires: sexuality and well-being

Apart from one individual in the control group who iden-
tified as a bisexual male, the entire study population con-
sisted of self-identified homosexual males. 71.4% of the
control and 66.7% of the Chemsex group stated to be in a
permanent relationship [x2=0,077; p=0.782]. The mean
duration of partnerships at the time of the survey was 11.00
+ 9.00 years for the control and 7.65 + 11.884 years for
the Chemsex group [T=0.660; p=0.260]. The Chemsex
users reported slightly more sexual partners within the last
six months (15.60 + 9.575) compared to the control group
(11.00 = 15.072). The difference was not significant [T =
-0.978; p=0.337]. 64.3% of the control group and 93.3%
of the Chemsex group stated to have or have had a STD
[x2=3.724; p=0.054]. 28.6% of the control group and
46.7% of the Chemsex users reported an infection with
the Human Immunodeficiency Virus (HIV) [x2=1.007;
p=0.316]. There was no significant difference regarding
the physical well-being of each group [CHSX: M=8.00
+ 1.134; Control: M=8.00 + 0.961; T=0.00; p=1.00].
However, mental well-being differed significantly between
the groups [CHSX: M=6.87 + 1.959; Control: M=8.14
+ 1.027; T=2.173; p=0.039], as did sexual risk behav-
ior [CHSX: M =4.60 + 2.640; Control: M=6.79 + 3.017,
T=2.080; p=0.047] (Fig. 2).

The BDI score and the MADRS were slightly higher in
the Chemsex group compared to the control group (Fig. 3);
however, differences were not significant [BDI: CHSX:
M=6.60 + 6.490; Control: M=3.86 + 3.278; T = -1.420;
p=0.167, MADRS: CHSX: M=6.27 + 8.548; Control:
M=2.50+2.175; T=-1.650; p=0.118]. In terms of hyper-
sexuality, the Chemsex users exhibited significantly higher
results in the HBI than the control group [CHSX: M =49.13
+16.475; Control: M=30.71 £ 9.227; T=-3.746; p=0.001]
(Fig. 3). Additionally, 6 individuals from the control and

W Self-rated physical well-being
Self-rated mental well-being

W Self-rated sexual risk behaviour

Chemsex group
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Fig. 3 Comparison of psychometric data between Chemsex users and controls. BDI = Beck Depression Inventory, MADRS =Montgomery-

Asberg Depression Rating Scale, HBI = Hypersexual Behavior Inventory

5 individuals from the Chemsex group reported having
undergone psychiatric or psychotherapeutic therapy in the
past. Regarding psychotropic medications only participants
within the Chemsex group reported any use of medication:
one person stated to take Olanzapine, two people reported
taking Buproprion, one participant reported taking Escitalo-
pram and another Citalopram and Mirtazapine.

Questionnaires: Chemsex behavior and substance
use

The questions pertaining to Chemsex were exclusively
answered by the Chemsex users. The participants of this
group had an age of 39.81 + 7.607 when they first engaged
in a Chemsex session. On average, the group had their first
Chemsex session averagely 4.85 + 6.309 years prior to par-
ticipating in the study. The participants reported an aver-
age of 11.07 + 10.512 sessions within the past six months
and a mean duration of 30.60 + 46.760 days since their last
session. On a scale from 1 (minimum) to 10 (maximum)
they rated their feeling of disinhibition during a session
with a mean score of 9.07 £+ 0.594), their feeling of suffer-
ing regarding their Chemsex behavior with a mean score of
5.60 + 3.291, and their perceived Chemsex addiction with a
mean score of 5.80 + 2.624. Notably, 9 out of the 15 patients
(60%) expressed a desire to refrain from Chemsex.
Regarding substance use significant differences between
the two groups were observed in percentage of users of meth-
amphetamine [CHSX: 93.3%; Control: 7.1%; y2=21.544;
p<0.001], GHB/GBL [CHSX: 80.0%; Control: 28.6%;
¥2=7.744; p=0.005], mephedrone [CHSX: 46.7%; Con-
trol: 0.0%; ¥2=28.612; p=0.003], cocaine [CHSX: 73.3%;

Control: 28.6%; x2=5.811; p=0.016], poppers [CHSX:
100.0%; Control: 50%; ¥2=9.886; p=0.002]. The con-
sumption of ketamine reached trend level [CHSX: 46.7%;
Control: 14.3%; x2=3.548; p=0.060]. No significant dif-
ferences were detected between the two groups in rela-
tion to other substances, such as alcohol [CHSX: 93.3%;
Control: 100.0%; x2=0.967; p=0.326], nicotine [CHSX:
46.7%; Control: 42.9%; x2=0.042; p=0.837], MDMA
[CHSX: 53.3%,; Control: 35.7%; y2=0.090; p=0.340], and
amphetamine [CHSX: 33.3%; Control: 21.4%; ¥2=0.514;
p=0.474]. The control group showed a significantly higher
number of cannabis users [CHSX: 33.3%; Control: 71.4%;
12 =4.209; p=0.040].

EEG paradigm: behavioral results

Behavioral data are shown in Table 3.

In Voluntary Selection +trials, the group mean RTs
were found to be significantly longer than in Go trials
[F(1;27)=207.554; p <0.001]. Although the Chemsex users
demonstrated slightly slower reaction times compared to the
control group, this difference was not statistically signifi-
cant [F(1;27)=1.617; p=0.214]. In addition, the interaction
effect (condition X group) was not statistically significant
[F(1;27)=0.140; p=0.711]. We did not find any differences
regarding the percentage of reactions during the Voluntary
Selection task [group effect: F(1;27)=0.057; p=0.813;
interaction effect: F(1;27)=0.122; p=0.730].

The percentage of incorrect responses after the manda-
tory cues was significantly higher after the Go stimulus com-
pared to the NoGo stimulus [F(1;27)=5.939; p=0.022).
Both, the differences between patients and healthy subjects
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Table 3 Behavioral data of chemsex and control group

Chemsex group

Control group

M SD M SD

Reaction times (ms)

Go 429.1 74.1 398.5 65.1

Selection + 671.2 100.8 628.3 110.1
Percentage of responses (%)

Go 97.1 3.0 97.4 2.5

Selection + 62.0 12.0 60.3 18.4
Percentage of mistakes (%)

Go 2.6 2.6 2.6 2.5

NoGo 1.7 2.0 1.1 1.5

M =mean value, SD =standard deviation, ms=milliseconds, % = percentage, mistake =missing button press despite Go cue or button press

despite NoGo cue

[F(1;27)=0.235; p=0.632] as well as the interaction effect
[F(1;27)=0.526; p=0.475] were not significant.

EEG paradigm: ERP results

A repeated measurement ANOVA was calculated with the
two repeated-measurement factors task (Go +, NoGo -, Vol-
untary Selection +/- and Control) and electrode position
(Fz, Cz, Pz) and one between subject factor group (Chem-
sex users and control subjects). Results are shown in Fig. 4.

The N2-amplitudes differed significantly between con-
ditions [F(2,725;108)=15.219, p<0.001]. Post hoc tests
indicated that the N2 was less prominent in the Go condi-
tion compared to the NoGo (p=0.006), Voluntary Selection
+ (p<0.001) and Voluntary Selection - (p<0.001) condi-
tions. Similarly, the N2 amplitude was less prominent in
the Control condition compared to the NoGo (p<0.001),
Voluntary selection + (p<0.001) and Voluntary Selec-
tion - (p<0.001) conditions. Regarding electrode posi-
tion, the differences in N2-amplitudes reached trend level
[F(2;54)=3.160, p=0.50): the N2 amplitudes were com-
parable in Fz and Cz (p=1.000); small differences were
demonstrated between Pz and Fz (p=0.123) and Pz and Cz
(»p=0.112). The interaction effects of condition X electrode
position [F(8:216)=3.725; p<0.001], condition X group
[F(2,725;108)=3.531, p=0.022] and electrode position X
condition X group [F(8;216)=2.235; p=0.026] were sig-
nificant. There was no significant interaction effect between
electrode position and group [F(2;54)=0.608, p=10.548]
and no significant group effect between Chemsex users and
control group [F(1;27)=1.022, p=0.321]. However, there
were observable differences between groups, for example
shallower N2 amplitudes (Cz) of Chemsex users in the
NoGo and Voluntary Selection condition. T-tests were cal-
culated to assess the differences between groups for each
electrode separately. The difference of the N2 Cz ampli-
tude between the Chemsex and the control group reached
trend level for the NoGo condition [CHSX: M = -1.674;
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Control: M = -2.423; T = -1.358, p (one-sided)=0.093]
and statistical significance for the Voluntary Selection +/-
[CHSX: M = -1.959; Control: M = -1.046; T = -1.806; p
(one-sided)=0.041].

Regarding P3-amplitudes the ANOVA presented sig-
nificant main effects for condition [F(3,042;108)=40.690;
p<0.0017] and electrode positions [F(2;54)=4.120;
p=0.022], as well as significant interactions between condi-
tionand electrode position [F(5,244;216)=6.692;p < 0.001],
and electrode position X group [F(2;54)=3.500; p=0.037].
Post hoc tests revealed that the P3 amplitudes were larger in
NoGo and Voluntary Selection +/- conditions compared to
Go and Control conditions (p<0.001). The P3 amplitudes
did not differ significantly between Fz and Cz (p=0.152)
and between Cz and Pz (p=1.000). The difference between
the electrodes Fz and Pz reached trend level (p =0.063), with
increased amplitudes at Pz compared to Fz. Although the P3
amplitudes in Fz and Cz were smaller and the P3 amplitudes
in Pz appeared to be higher in the Chemsex group compared
to the control group, the main effect of group was not sig-
nificant [F(1;27)=0.000; p=0.991]. Furthermore, the inter-
action effects were not statistically significant [condition X
group: F(3,042;108)=0.355; p=0.788; condition X elec-
trode position X group: F(5,244;216)=0.647; p=0.671].
T-tests revealed a significant difference at Fz between the
two groups regarding the Go condition [CHSX: M=0.477;
Control: M=0.916; T=1.973; p (one sided)=0.029];
differences between groups reached trend level regard-
ing the NoGo condition [CHSX: M=2.537; Control:
M=3.159; T=1.410; p (one sided)=0.085] and showed
no significance regarding the Voluntary Selection condition
[CHSX: M =2.442; Control: M=2.258; T = -0.495; p (one
sided)=0.312]. Differences between groups were not sig-
nificant at Pz for the Go condition [CHSX: M =2.382; Con-
trol: M=1.933; T =-1.139; p=0.132] and for the Voluntary
Selection condition [CHSX: M =2.668; Control: M=2.129;
T =-1.144; p (one sided)=0.131].
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Fig. 4 Inhibition-associated ERP waveforms of chemsex users and control subjects at fronto-central and parietal sites
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Correlations

Correlations were calculated between different parameters
(ERPs, behavioral data, demographical data, questionnaire
results, substance use).

The reaction times (RTs) correlated significantly with the
P3-amplitudes at Fz [r=0.470; p=0.010] and Cz [r=0.474;
p=0.009] during Voluntary Selection +. All other correla-
tions between ERPs (N1, N2, P3) and RTs during Go as well
as Voluntary Selection + were not significant. There were no
significant correlations between the ERPs and the demo-
graphical data, questionnaire results and substance use.

The reaction times during the Go condition and the Vol-
untary Selection task, and Chemsex related parameters,
such as the number of years since the first Chemsex ses-
sion [Go: r = -0.03; p=0.278; Voluntary Selection +: r =
-0.042; p=0.883], the number of days since the last Chem-
sex session [Go: r = -0.072; p=0.799; Voluntary Selection
+: r=-0.072; p=0.799] did not correlate significantly. In
addition, the behavioral data did not correlate with affec-
tive symptoms (MADRS, BDI) or hypersexuality (HBI)
(Table 4). Correlations between reaction times and the
frequency of substance use within the last six months for
each substance (alcohol, nicotine, cannabis, amphetamine,
methamphetamine, cocaine, GHB/GBL, ketamine, poppers)
were not significant [all p> 0.05]. In the control group, RTs
were associated with the number of days of alcohol con-
sumption [r(Go)=0.790; p=0.011; r(Voluntary selection
+)=0.638; p=0.064].

Discussion

The study is the first of its kind approaching Chemsex from
a neurobiological perspective. Our research focused on
comparing voluntary selection processes, inhibition, and
neural correlates between Chemsex patients and a control
group, using event-related potentials (ERPs) and behavioral
data. To put the results in a clinical context, we collected

Table 4 Correlations between RTs and MADRS, BDI and HBI

data regarding demographics, substance use, sexuality, and
depression/well-being.

Chemsex users showed increased scores on affective
symptoms (BDI, MADRS) and reduced psychological well-
being. These findings are consistent with previous studies
that have reported decreased mental health and increased
prevalence of depressions among Chemsex users [7, 53].
Nevertheless, these descriptive trends were not signifi-
cant. Unexpectedly, no difference was observed in the self-
rated physical well-being between the two study groups.
In our study sexual risk behavior and hypersexuality were
increased among the Chemsex group, indicating a potential
association between Chemsex practices and heightened sex-
ual impulsivity. In addition, a higher percentage of Chemsex
users reported STDs including HIV, likely resulting from
sexual high risk behavior [12]. These findings emphasize
the necessity for targeted interventions, educational initia-
tives and harm-reduction strategies to address the potential
health risks associated with Chemsex [54].

The participants rated the sensation of disinhibition expe-
rienced during a Chemsex session as very high. This empha-
sizes the primary motives of engaging in Chemsex, such as
the enhancement or intensification of sexual experiences
[4]. Regarding substances and addiction history, the Chem-
sex group primarily used substances in accordance with the
defined drug criteria of Chemsex: methamphetamine, GHB/
GBL, mephedrone, and ketamine. Notably, these findings
are due to the fact that the usage of one of the four sub-
stances was a criterion for inclusion in the study. Still, out
of all substances, apart from alcohol and nicotine, those four
were the most prevalent among the Chemsex group. Addi-
tionally, cocaine and poppers were found to be more preva-
lent than other substances among Chemsex users.

Our clinical observations, particularly regarding mental
health, underline the importance of comprehending the phe-
nomenon of Chemsex, including its etiology and associated
consequences, to provide effective assistance to affected
individuals. The fact that 60% of the Chemsex users in our
study expressed their desire to refrain from engagement in

Chemsex group

Control group

r p r )4
RT (ms); MADRS
Go 0.020 0.945 -0.471 0.089
Selection + 0.0201 0.473 -0.334 0.243
RT (ms); BDI
Go 0.156 0.579 -0.544 0.044
Selection + 0.062 0.826 -0.702 0.005
RT (ms); HBI
Go -0.102 0.717 -0.434 0.121
Selection + 0.246 0.377 -0.357 0.211

RT =reaction time, ms =milliseconds, r=Pearson ratio = correlation coefficient, p =level of significance
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Chemsex, highlights the demand for therapeutic interven-
tions and support mechanisms. Other studies [5] claim the
lack of sexual protection and information as well.

Consistent with prior research [55, 56], our findings indi-
cate that manual responses in the Voluntary Selection + are
significantly slower compared to the Go condition. The act
of free decision-making demands increased time consump-
tion and a higher working memory load than automated
response processes, as observed in the Go condition [57].
Chemsex users showed slightly longer response times after
Go and Voluntary Selection +tasks in comparison to the
control group. However, the difference was not significant,
as was the difference in wrong responses. A similar pattern
was found in a study on ADHD: the patients barely showed
any differences to a control group regarding response time
and number of mistakes [56]. After the Voluntary Selection
stimulus Chemsex users responded by button press (Selec-
tion +) in 62.0% of trials, while the control group responded
in 60.3% of trials, with no significant difference. One poten-
tial explanation is the exclusion of several participants (14
out of 43 subjects) who displayed inadequate comprehen-
sion of the task requirements. By including only individuals
who exhibited good task performance, the outcomes may
have been impacted. Another limitation of the study was the
prevalence of subjects reporting difficulties in perceiving
the auditory stimuli due to their low volume, which could
have potentially affected participants’ performance.

The N2 amplitude has been linked to top-down inhibi-
tion of false responses [36] and response restraint [37, 39].
It is associated with stimulus classification in tasks involv-
ing free choice [58], high-conflict response trials [38], and
response selection [59]. Accordingly, in our experiment, the
N2 amplitudes were higher in the NoGo and Voluntary Selec-
tion conditions compared to the Go condition. They showed
maximum prominence over the Fz and Cz electrodes, under-
lining the generation from the ACC [59]. Chemsex users
showed reduced electrophysiological N2 responses, particu-
larly in central regions. While those group differences were
significant in decision-making tasks, they reached statistical
trend level in behavioral inhibition. These results suggest
dysfunction in frontocentral brain areas, which is consistent
with prior findings in patients with substance use and impul-
sive disorders [21, 30]. These neurological alterations may
contribute to risk behavior regarding drug abuse and explain
differences concerning hypersexuality.

P3 amplitudes involve stimulus evaluation, categoriza-
tion, motor response planning and serve as a link between
stimulation and reaction [60]. The parietal P3 has been sug-
gested to reflect attention towards Go stimuli, while the
frontocentral P3 has been associated with inhibition during
NoGo tasks to prevent premature responses [34, 37]. In our
study, we found that the P3 component following Go stimuli

was most prominent at Pz, whereas after NoGo stimuli, it
was highest at Cz. There were no significant differences
between the two groups in terms of parietal P3 (Pz) during
the Go condition. The frontal P3 (Fz) showed slightly higher
amplitudes in the control group during the NoGo condition.
Overall, our findings suggest that the neurobiological mech-
anisms underlying the P3 component are not significantly
influenced by Chemsex practices.

In this study, we gained valuable insights into the clini-
cal and neurobiological effects of Chemsex. However,
the causality remains uncertain, as it is unclear whether
Chemsex leads to neurological alterations or if pre-existing
neurological characteristics contribute to an inclination
towards Chemsex practices. Some of the observed results
may lack statistical significance due to intermittent sub-
stance abstinence among some of the Chemsex patients,
since prior research indicates the potential reversibility
of brain impairments [22, 25]. It is very common that so-
called high consumption phases of Chemsex users are epi-
sodically replaced by abstinent phases [5]. To enhance the
robustness of our findings, a follow-up study with a larger
population size should be considered. This would allow for
the replication of significant results and further exploration
of observed tendencies. In addition, to minimize potential
confounding effects, it would be advisable to match both
groups for HIV status, as HIV can contribute to neurocog-
nitive deficits and executive dysfunctions [61, 62]. Future
studies should also incorporate a psychiatrically healthy
control group to provide a more comprehensive compari-
son. In our study, an equal number of individuals with a
psychiatric or psychotherapeutic history were presented in
each group, which could induct bias. Some of the Chemsex
patients were taking psychopharmaceuticals for treatment,
such as Citalopram, which can affect behavioural responses
by modulating attention [63]. The differences between the
handedness of the participants (three left-handed Chemsex
patients and one left-handed control subject) could have led
to distortions in the results as well [64]. Nevertheless, we
decided to leave all 29 subjects in the study because we did
not want to further reduce the already small sample size. It
is necessary to keep those factors in mind if a larger follow-
up study should be implemented.

Understanding the neurophysiological alterations and
identifying the affected brain regions, can offer valuable
insights for developing targeted interventions. One prom-
ising approach is the application of non-invasive brain
modulation interventions, such as transcranial direct cur-
rent stimulation (tDCS), transcranial magnetic stimulation
(rTMS), deep brain stimulation (DBS) and neurofeedback
via EEG or functional magnetic resonance imaging (fMRI)
[65, 66]. Studies investigating repeated tDCS of the dor-
solateral prefrontal cortex (DLPFC) have demonstrated
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positive outcomes in individuals with alcohol, nicotine,
and cocaine addiction: tDCS led to improvements in qual-
ity of life and reduction of consumption, craving, and anxi-
ety [67]. Malandain et al. (2020) conducted the first case
study exploring tDCS in severe Chemsex addiction with
a positive short- and long-term outcome for the examined
subject. Consequently, some of these therapeutic methods
have shown promise in addiction treatment and may have
the potential to reduce craving and minimize the negative
outcomes associated with Chemsex. Still, further research is
needed to investigate their benefits in addressing Chemsex
addiction and associated neurobiological alterations [65, 67,
68].

Conclusion

Difficulties in decision-making and inhibition of responses
in Chemsex users seem to be associated with fronto-cen-
tral deficits, while parietal brain functions seem to be less
affected. Chemsex users exhibit trendwise increased scores
on measures of depressive symptomatology and signifi-
cantly higher rates in hypersexuality, along with reduced
psychological well-being and increased sexual risk behav-
ior. Comprehensive understanding of these clinical symp-
toms and the underlying neurophysiological processes can
provide valuable perspectives on developing targeted inter-
ventions to minimize the negative consequences associated
with Chemsex practices and improve overall well-being of
Chemsex users.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00406-
024-01856-2.

Declarations

Conflict of interest This study is part of the Dr. med. thesis of Johanna
Schwarz at the Faculty of Medicine, Ludwig-Maximilians-Universitit,
Munich. The authors declare that they have no conflict of interest.

References

1. Sousa AFL, Camargo ELS, Mendes IAC (2023) Chemsex
and its repercussions on the health of men who have sex with
men (MSM): a global health perspective. Rev Bras Enferm
76(3):€20230004. https://doi.org/10.1590/0034-7167-2023-0004

2. Stuart D (2016) A chemsex crucible: the context and the contro-
versy. J] Fam Plann Reprod Health Care 42(4):295-296. https://
doi.org/10.1136/jfprhc-2016-101603

3.  Schmidt AJ, Bourne A, Weatherburn P, Reid D, Marcus U,
Hickson F (2016) Illicit drug use among gay and bisexual men
in 44 cities: findings from the European MSM Internet Survey
(EMIS). Int J Drug Policy 38:4-12. https://doi.org/10.1016/j.
drugpo.2016.09.007

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

Bourne A, Reid D, Hickson F, Torres Rueda S, Weatherburn P
(2014) The Chemsex study: drug use in sexual settings among
gay and bisexual men in Lambeth, Southwark and Lewisham.
Sex Transm Infect 91(8):564-568

Rosenberger C, Gertzen M, Strasburger M, Schwarz J, Gernun
S, Rabenstein A, Lermer E, Riither T (2021) We have a lot to do:
lack of sexual protection and information-results of the German-
Language Online Survey Let’s talk about Chemsex. Front Psy-
chiatry 12:690242. https://doi.org/10.3389/fpsyt.2021.690242
Graf N, Dichtl A, Deimel D, Sander D, Stover H (2018) Chem-
sex among men who have sex with men in Germany: motives,
consequences and the response of the support system. Sex Health
15(2):151-156. https://doi.org/10.1071/sh17142

Bohn A, Sander D, Kéhler T, Hees N, Oswald F, Scherbaum N,
Deimel D, Schecke H (2020) Chemsex and Mental Health of men
who have sex with men in Germany. Front Psychiatry 11:542301.
https://doi.org/10.3389/fpsyt.2020.542301

Moreno-Géamez L, Hernandez-Huerta D, Lahera G (2022)
Chemsex and psychosis: a systematic review. Behav Sci (Basel)
12(12):516. https://doi.org/10.3390/bs12120516

Heinz A, Giil Halil M, Gutwinski S, Beck A, Liu S (2022) ICD-11:
changes in the diagnostic criteria of substance dependence. Nerve-
narzt 93(1):51-58. https://doi.org/10.1007/s00115-021-01071-7
Arends RM, van den Heuvel TJ, Foeken-Verwoert EGJ, Grintjes
KIJT, Keizer HJG, Schene AH, van der Ven A, Schellekens
AFA (2020) Sex, drugs, and impulse regulation: a perspective
on reducing transmission risk behavior and improving Mental
Health among MSM Living with HIV. Front Psychol 11:1005.
https://doi.org/10.3389/fpsyg.2020.01005

Bothe B, Kovacs M, Toth-Kiraly I, Reid RC, Griffiths MD, Orosz
G, Demetrovics Z (2019) The Psychometric properties of the
Hypersexual Behavior Inventory using a large-scale nonclinical
sample. J Sex Res 56(2):180—190. https://doi.org/10.1080/00224
499.2018.1494262

Kafka MP (2010) Hypersexual disorder: a proposed diagnosis for
DSM-V. Arch Sex Behav 39(2):377—400. https://doi.org/10.1007/
$10508-009-9574-7

Lemke MR, Wendorff T (2001) [Disordered behavioral control
in psychiatric illnesses. Neurophysiological aspects of impulsive
behavior]. Nervenarzt 72(5):342-346. https://doi.org/10.1007/
5001150050762

Dawe S, Gullo MJ, Loxton NJ (2004) Reward drive and rash
impulsiveness as dimensions of impulsivity: implications for
substance misuse. Addict Behav 29(7):1389-1405. https://doi.
org/10.1016/j.addbeh.2004.06.004

Sullivan EV, Fama R, Rosenbloom M]J, Pfefferbaum A
(2002) A profile of neuropsychological deficits in alco-
holic women. Neuropsychology 16(1):74-83. https:/doi.
org/10.1037/0894-4105.16.1.74

Oscar-Berman M, Shagrin B, Evert DL, Epstein C (1997) Impair-
ments of brain and behavior: the neurological effects of alcohol.
Alcohol Health Res World 21(1):65-75

Noél X, Paternot J, Van der Linden M, Sferrazza R, Verhas M,
Hanak C, Kornreich C, Martin P, De Mol J, Pelc I, Verbanck P
(2001) Correlation between inhibition, working memory and
delimited frontal area blood flow measure by 99mTc-Bicis-
ate SPECT in alcohol-dependent patients. Alcohol Alcohol
36(6):556—563. https://doi.org/10.1093/alcalc/36.6.556
Pfefferbaum A, Desmond JE, Galloway C, Menon V, Glover GH,
Sullivan EV (2001) Reorganization of frontal systems used by
alcoholics for spatial working memory: an fMRI study. Neurolm-
age 14(1):7-20. https://doi.org/10.1006/nimg.2001.0785

Parsons OA  (1994)  Neuropsychological =~ measures
and event-related potentials in alcoholics: interrela-
tionships, long-term reliabilities, and prediction of
resumption of drinking. J Clin Psychol 50(1):37—46. https://doi.


https://doi.org/10.3389/fpsyt.2021.690242
https://doi.org/10.1071/sh17142
https://doi.org/10.3389/fpsyt.2020.542301
https://doi.org/10.3390/bs12120516
https://doi.org/10.1007/s00115-021-01071-7
https://doi.org/10.3389/fpsyg.2020.01005
https://doi.org/10.1080/00224499.2018.1494262
https://doi.org/10.1080/00224499.2018.1494262
https://doi.org/10.1007/s10508-009-9574-7
https://doi.org/10.1007/s10508-009-9574-7
https://doi.org/10.1007/s001150050762
https://doi.org/10.1007/s001150050762
https://doi.org/10.1016/j.addbeh.2004.06.004
https://doi.org/10.1016/j.addbeh.2004.06.004
https://doi.org/10.1037/0894-4105.16.1.74
https://doi.org/10.1037/0894-4105.16.1.74
https://doi.org/10.1093/alcalc/36.6.556
https://doi.org/10.1006/nimg.2001.0785
https://doi.org/10.1002/1097-4679(199401)50:%3C37::aid-jclp2270500105%3E3.0.co;2-0
https://doi.org/10.1007/s00406-024-01856-2
https://doi.org/10.1007/s00406-024-01856-2
https://doi.org/10.1590/0034-7167-2023-0004
https://doi.org/10.1136/jfprhc-2016-101603
https://doi.org/10.1136/jfprhc-2016-101603
https://doi.org/10.1016/j.drugpo.2016.09.007
https://doi.org/10.1016/j.drugpo.2016.09.007

European Archives of Psychiatry and Clinical Neuroscience

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

0rg/10.1002/1097-4679(199401)50:%3C37::aid-jclp2270500105
%3E3.0.c0;2-0

Heinz A, Batra A (2003) Neurobiologie der Alkohol-und Niko-
tinabhédngigkeit. Kohlhammer

Jentsch JD, Taylor JR (1999) Impulsivity resulting from fronto-
striatal dysfunction in drug abuse: implications for the control
of behavior by reward-related stimuli. Psychopharmacology
146(4):373-390. https://doi.org/10.1007/pl00005483

Moselhy HF, Georgiou G, Kahn A (2001) Frontal lobe changes
in alcoholism: a review of the literature. Alcohol Alcohol
36(5):357-368. https://doi.org/10.1093/alcalc/36.5.357
Dao-Castellana MH, Samson Y, Legault F, Martinot JL, Aubin
HIJ, Crouzel C, Feldman L, Barrucand D, Rancurel G, Féline A,
Syrota A (1998) Frontal dysfunction in neurologically normal
chronic alcoholic subjects: metabolic and neuropsychological
findings. Psychol Med 28(5):1039-1048. https://doi.org/10.1017/
$0033291798006849

Martin PR, Gibbs SJ, Nimmerrichter AA, Riddle WR, Welch LW,
Willcott MR (1995) Brain proton magnetic resonance spectros-
copy studies in recently abstinent alcoholics. Alcohol Clin Exp
Res 19(4):1078-1082. https://doi.org/10.1111/j.1530-0277.1995.
tb00992.x

Gansler DA, Harris GJ, Oscar-Berman M, Streeter C, Lewis RF,
Ahmed I, Achong D (2000) Hypoperfusion of inferior frontal
brain regions in abstinent alcoholics: a pilot SPECT study. J Stud
Alcohol 61(1):32-37. https://doi.org/10.15288/jsa.2000.61.32
Gilman S, Adams K, Koeppe RA, Berent S, Kluin KJ, Modell JG,
Kroll P, Brunberg JA (1990) Cerebellar and frontal hypometabo-
lism in alcoholic cerebellar degeneration studied with positron
emission tomography. Ann Neurol 28(6):775-785. https://doi.
org/10.1002/ana.410280608

Griisser SM, Wrase J, Klein S, Hermann D, Smolka MN, Ruf
M, Weber-Fahr W, Flor H, Mann K, Braus DF, Heinz A (2004)
Cue-induced activation of the striatum and medial prefrontal cor-
tex is associated with subsequent relapse in abstinent alcoholics.
Psychopharmacology 175(3):296-302. https://doi.org/10.1007/
s00213-004-1828-4

Parks MH, Dawant BM, Riddle WR, Hartmann SL, Dietrich MS,
Nickel MK, Price RR, Martin PR (2002) Longitudinal brain meta-
bolic characterization of chronic alcoholics with proton magnetic
resonance spectroscopy. Alcohol Clin Exp Res 26(9):1368-1380.
https://doi.org/10.1097/01.A1c.0000029598.07833.2d

Ceceli AO, Bradberry CW, Goldstein RZ (2022) The neurobiol-
ogy of drug addiction: cross-species insights into the dysfunction
and recovery of the prefrontal cortex. Neuropsychopharmacology
47(1):276-291. https://doi.org/10.1038/s41386-021-01153-9
Zilverstand A, Huang AS, Alia-Klein N, Goldstein RZ (2018)
Neuroimaging impaired response inhibition and salience attribu-
tion in Human Drug Addiction. Syst Rev Neuron 98(5):886-903.
https://doi.org/10.1016/j.neuron.2018.03.048

Horseman C, Meyer A (2019) Neurobiology of Addiction.
Clin Obstet Gynecol 62(1):118-127. https://doi.org/10.1097/
2rf.0000000000000416

Patel SH, Azzam PN (2005) Characterization of N200 and P300:
selected studies of the event-related potential. Int J Med Sci
2(4):147-154. https://doi.org/10.7150/ijms.2.147

Dong G, Yang L, Hu Y, Jiang Y (2009) Is N2 associated with
successful suppression of behavior responses in impulse control
processes? NeuroReport 20(6):537-542. https://doi.org/10.1097/
WNR.0b013e3283271e9b

Bekker EM, Kenemans JL, Verbaten MN (2004) Electrophysi-
ological correlates of attention, inhibition, sensitivity and bias in
a continuous performance task. Clin Neurophysiol 115(9):2001—
2013. https://doi.org/10.1016/j.clinph.2004.04.008

Bruin KJ, Wijers AA, van Staveren AS (2001) Response prim-
ing in a go/nogo task: do we have to explain the go/nogo N2

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

effect in terms of response activation instead of inhibition?
Clin Neurophysiol 112(9):1660-1671. https://doi.org/10.1016/
s1388-2457(01)00601-0

Falkenstein M, Hoormann J, Hohnsbein J (1999) ERP compo-
nents in Go/Nogo tasks and their relation to inhibition. Acta
Psychol (Amst) 101(2-3):267-291. https://doi.org/10.1016/
s0001-6918(99)00008-6

Bokura H, Yamaguchi S, Kobayashi S (2001) Electrophysi-
ological correlates for response inhibition in a Go/NoGo task.
Clin Neurophysiol 112(12):2224-2232. https://doi.org/10.1016/
s1388-2457(01)00691-5

Van Veen V, Carter CS (2002) The timing of action-monitoring
processes in the anterior cingulate cortex. J Cogn Neurosci
14(4):593-602. https://doi.org/10.1162/08989290260045837
Bekker EM, Kenemans JL, Verbaten MN (2005) Source
analysis of the N2 in a cued Go/NoGo task. Brain Res
Cogn Brain Res 22(2):221-231. https://doi.org/10.1016/].
cogbrainres.2004.08.011

Yang B, Yang S, Zhao L, Yin L, Liu X, An S (2009) Event-related
potentials in a Go/Nogo task of abnormal response inhibition in
heroin addicts. Sci China C Life Sci 52(8):780-788. https://doi.
org/10.1007/s11427-009-0106-4

Luijten M, Littel M, Franken IH (2011) Deficits in inhibitory con-
trol in smokers during a Go/NoGo task: an investigation using
event-related brain potentials. PLoS ONE 6(4):¢18898. https://
doi.org/10.1371/journal.pone.0018898

Dong G, Zhou H, Zhao X (2010) Impulse inhibition in people
with internet addiction disorder: electrophysiological evidence
from a Go/NoGo study. Neurosci Lett 485(2):138—142. https://
doi.org/10.1016/j.neulet.2010.09.002
ZhouZH,YuanGZ,YaoJJ,LiC,Cheng ZH (2010) Anevent-related
potential investigation of deficient inhibitory control in individu-
als with pathological internet use. Acta Neuropsychiatr 22(5):228—
236. https://doi.org/10.1111/j.1601-5215.2010.00444 x
Kamarajan C, Porjesz B, Jones KA, Choi K, Chorlian DB,
Padmanabhapillai A, Rangaswamy M, Stimus AT, Begleiter H
(2005) Alcoholism is a disinhibitory disorder: neurophysiologi-
cal evidence from a Go/No-Go task. Biol Psychol 69(3):353-373.
https://doi.org/10.1016/j.biopsycho.2004.08.004

Motlagh F, Ibrahim F, Menke JM, Rashid R, Seghatoleslam T,
Habil H (2016) Neuroelectrophysiological approaches in her-
oin addiction research: a review of literatures. J Neurosci Res
94(4):297-3009. https://doi.org/10.1002/jnr.23703

Zeng T, Li S, Wu L, Feng Z, Fan X, Yuan J, Wang X, Meng J, Ma
H, Zeng G, Kang C, Yang J (2022) A comparison study of impul-
siveness, cognitive function, and P300 Components between
Gamma-Hydroxybutyrate and Heroin-Addicted patients: pre-
liminary findings. Front Hum Neurosci 16:835922. https://doi.
org/10.3389/fnhum.2022.835922

Gamma A, Brandeis D, Brandeis R, Vollenweider FX (2005)
The P3 in ‘ecstasy’ polydrug users during response inhibition
and execution. J Psychopharmacol 19(5):504-512. https://doi.
org/10.1177/0269881105056535

Sokhadze E, Stewart C, Hollifield M, Tasman A (2008) Event-
related potential study of executive dysfunctions in a speeded
reaction Task in Cocaine Addiction. J Neurother 12(4):185-204.
https://doi.org/10.1080/10874200802502144

Picton TW, Bentin S, Berg P, Donchin E, Hillyard SA, Johnson
R Jr., Miller GA, Ritter W, Ruchkin DS, Rugg MD, Taylor MJ
(2000) Guidelines for using human event-related potentials to
study cognition: recording standards and publication criteria.
Psychophysiology 37(2):127-152

Beck AT, Steer RA, Ball R, Ranieri W (1996) Comparison of
Beck Depression inventories -IA and -II in psychiatric outpa-
tients. J Pers Assess 67(3):588-597. https://doi.org/10.1207/
s15327752jpa6703_13

@ Springer


https://doi.org/10.1016/s1388-2457(01)00601-0
https://doi.org/10.1016/s1388-2457(01)00601-0
https://doi.org/10.1016/s0001-6918(99)00008-6
https://doi.org/10.1016/s0001-6918(99)00008-6
https://doi.org/10.1016/s1388-2457(01)00691-5
https://doi.org/10.1016/s1388-2457(01)00691-5
https://doi.org/10.1162/08989290260045837
https://doi.org/10.1016/j.cogbrainres.2004.08.011
https://doi.org/10.1016/j.cogbrainres.2004.08.011
https://doi.org/10.1007/s11427-009-0106-4
https://doi.org/10.1007/s11427-009-0106-4
https://doi.org/10.1371/journal.pone.0018898
https://doi.org/10.1371/journal.pone.0018898
https://doi.org/10.1016/j.neulet.2010.09.002
https://doi.org/10.1016/j.neulet.2010.09.002
https://doi.org/10.1111/j.1601-5215.2010.00444.x
https://doi.org/10.1016/j.biopsycho.2004.08.004
https://doi.org/10.1002/jnr.23703
https://doi.org/10.3389/fnhum.2022.835922
https://doi.org/10.3389/fnhum.2022.835922
https://doi.org/10.1177/0269881105056535
https://doi.org/10.1177/0269881105056535
https://doi.org/10.1080/10874200802502144
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1002/1097-4679(199401)50:%3C37::aid-jclp2270500105%3E3.0.co;2-0
https://doi.org/10.1002/1097-4679(199401)50:%3C37::aid-jclp2270500105%3E3.0.co;2-0
https://doi.org/10.1007/pl00005483
https://doi.org/10.1093/alcalc/36.5.357
https://doi.org/10.1017/s0033291798006849
https://doi.org/10.1017/s0033291798006849
https://doi.org/10.1111/j.1530-0277.1995.tb00992.x
https://doi.org/10.1111/j.1530-0277.1995.tb00992.x
https://doi.org/10.15288/jsa.2000.61.32
https://doi.org/10.1002/ana.410280608
https://doi.org/10.1002/ana.410280608
https://doi.org/10.1007/s00213-004-1828-4
https://doi.org/10.1007/s00213-004-1828-4
https://doi.org/10.1097/01.Alc.0000029598.07833.2d
https://doi.org/10.1038/s41386-021-01153-9
https://doi.org/10.1016/j.neuron.2018.03.048
https://doi.org/10.1097/grf.0000000000000416
https://doi.org/10.1097/grf.0000000000000416
https://doi.org/10.7150/ijms.2.147
https://doi.org/10.1097/WNR.0b013e3283271e9b
https://doi.org/10.1097/WNR.0b013e3283271e9b
https://doi.org/10.1016/j.clinph.2004.04.008

European Archives of Psychiatry and Clinical Neuroscience

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Svanborg P, Asberg M (2001) A comparison between the Beck
Depression Inventory (BDI) and the self-rating version of the
Montgomery Asberg Depression Rating Scale (MADRS).
J Affect Disord 64(2-3):203-216. https://doi.org/10.1016/
s0165-0327(00)00242-1

Reid RC, Garos S, Carpenter BN (2011) Reliability, validity, and
psychometric development of the Hypersexual Behavior Inven-
tory in an outpatient sample of men. Sex Addict Compulsivity
18(1):30-51. https://doi.org/10.1080/0092623X.2011.607047
Hampel B, Kusejko K, Kouyos RD, Boni J, Flepp M, Stockle M,
Conen A, Beguelin C, Kunzler-Heule P, Nicca D, Schmidt AJ,
Nguyen H, Delaloye J, Rougemont M, Bernasconi E, Rauch A,
Gunthard HF, Braun DL, Fehr J (2019) Chemsex drugs on the
rise: a longitudinal analysis of the Swiss HIV Cohort Study from
2007 to 2017. HIV Med 21:228-239. https://doi.org/10.1111/
hiv.12821

Bourne A, Reid D, Hickson F, Torres-Rueda S, Steinberg P,
Weatherburn P (2015) Chemsex and harm reduction need among
gay men in South London. Int J Drug Policy 26(12):1171-1176.
https://doi.org/10.1016/j.drugpo.2015.07.013

Arrington CM, Logan GD (2004) The cost of a volun-
tary task switch. Psychol Sci 15(9):610-615. https:/doi.
org/10.1111/5.0956-7976.2004.00728.x

Karch S, Thalmeier T, Lutz J, Cerovecki A, Opgen-Rhein M, Hock
B, Leicht G, Hennig-Fast K, Meindl T, Riedel M, Mulert C, Poga-
rell O (2010) Neural correlates (ERP/fMRI) of voluntary selec-
tion in adult ADHD patients. Eur Arch Psychiatry Clin Neurosci
260(5):427-440. https://doi.org/10.1007/s00406-009-0089-y
Karch S, Mulert C, Thalmeier T, Lutz J, Leicht G, Meindl T,
Moller HJ, Jager L, Pogarell O (2009) The free choice whether
or not to respond after stimulus presentation. Hum Brain Mapp
30(9):2971-2985. https://doi.org/10.1002/hbm.20722

Ritter W, Simson R, Vaughan HG Jr. (1983) Event-related poten-
tial correlates of two stages of information processing in physical
and semantic discrimination tasks. Psychophysiology 20(2):168—
179. https://doi.org/10.1111/1.1469-8986.1983.tb03283.x
Gajewski PD, Stoerig P, Falkenstein M (2008) ERP - correlates
of response selection in a response conflict paradigm. Brain Res
1189:127-134. https://doi.org/10.1016/j.brainres.2007.10.076
Asanowicz D, Gociewicz K, Koculak M, Finc K, Bonna K,
Cleeremans A, Binder M (2020) The response relevance of visual
stimuli modulates the P3 component and the underlying senso-
rimotor network. Sci Rep 10(1):3818. https://doi.org/10.1038/
$41598-020-60268-z

Walker KA, Brown GG (2018) HIV-associated executive dys-
function in the era of modern antiretroviral therapy: a systematic

@ Springer

62.

63.

64.

65.

66.

67.

68.

review and meta-analysis. J Clin Exp Neuropsychol 40(4):357—
376. https://doi.org/10.1080/13803395.2017.1349879

Zipursky AR, Gogolishvili D, Rueda S, Brunetta J, Carvalhal A,
McCombe JA, Gill MJ, Rachlis A, Rosenes R, Arbess G, Mar-
cotte T, Rourke SB (2013) Evaluation of brief screening tools for
neurocognitive impairment in HIV/AIDS: a systematic review of
the literature. Aids 27(15):2385-2401. https://doi.org/10.1097/
QAD.0b013e328363bf56

Pinggal E, Dockree PM, O’Connell RG, Bellgrove MA, Andril-
lon T (2022) Pharmacological manipulations of physiological
Arousal and Sleep-Like slow waves modulate sustained atten-
tion. J Neurosci 42(43):8113-8124. https://doi.org/10.1523/
jneurosci.0836-22.2022

Alexander JE, Polich J (1997) Handedness and P300 from audi-
tory stimuli. Brain Cogn 35(2):259-270. https://doi.org/10.1006/
brcg.1997.0941

Luigjes J, Segrave R, de Joode N, Figee M, Denys D (2019)
Efficacy of invasive and non-invasive brain modulation interven-
tions for addiction. Neuropsychol Rev 29(1):116—138. https://doi.
org/10.1007/s11065-018-9393-5

Palm U, Obergfell M, Rabenstein A, Bjorklund J, Koller G,
Padberg F, Riither T (2023) Transcranial direct current stimula-
tion combined with a brief intervention for smoking cessation: a
randomized double-blind clinical trial. Eur Arch Psychiatry Clin
Neurosci. https://doi.org/10.1007/s00406-023-01705-8
Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin
J, Cogiamanian F, Cotelli M, De Ridder D, Ferrucci R, Lang-
guth B, Marangolo P, Mylius V, Nitsche MA, Padberg F, Palm
U, Poulet E, Priori A, Rossi S, Schecklmann M, Vanneste S,
Ziemann U, Garcia-Larrea L, Paulus W (2017) Evidence-based
guidelines on the therapeutic use of transcranial direct current
stimulation (tDCS). Clin Neurophysiol 128(1):56-92. https://doi.
org/10.1016/j.clinph.2016.10.087

Malandain L, Blanc JV, Ferreri F, Giorgiadis T, Mosser S, Mouch-
abac S, Thibaut F (2020) First case report of tDCS efficacy in
severe chemsex addiction. Dialogues Clin Neurosci 22(3):295—
297. https://doi.org/10.31887/DCNS.2020.22.3/Imalandain

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1080/13803395.2017.1349879
https://doi.org/10.1097/QAD.0b013e328363bf56
https://doi.org/10.1097/QAD.0b013e328363bf56
https://doi.org/10.1523/jneurosci.0836-22.2022
https://doi.org/10.1523/jneurosci.0836-22.2022
https://doi.org/10.1006/brcg.1997.0941
https://doi.org/10.1006/brcg.1997.0941
https://doi.org/10.1007/s11065-018-9393-5
https://doi.org/10.1007/s11065-018-9393-5
https://doi.org/10.1007/s00406-023-01705-8
https://doi.org/10.1016/j.clinph.2016.10.087
https://doi.org/10.1016/j.clinph.2016.10.087
https://doi.org/10.31887/DCNS.2020.22.3/lmalandain
https://doi.org/10.1016/s0165-0327(00)00242-1
https://doi.org/10.1016/s0165-0327(00)00242-1
https://doi.org/10.1080/0092623X.2011.607047
https://doi.org/10.1111/hiv.12821
https://doi.org/10.1111/hiv.12821
https://doi.org/10.1016/j.drugpo.2015.07.013
https://doi.org/10.1111/j.0956-7976.2004.00728.x
https://doi.org/10.1111/j.0956-7976.2004.00728.x
https://doi.org/10.1007/s00406-009-0089-y
https://doi.org/10.1002/hbm.20722
https://doi.org/10.1111/j.1469-8986.1983.tb03283.x
https://doi.org/10.1016/j.brainres.2007.10.076
https://doi.org/10.1038/s41598-020-60268-z
https://doi.org/10.1038/s41598-020-60268-z

	﻿What Chemsex does to the brain - neural correlates (ERP) regarding decision making, impulsivity and hypersexuality
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Subjects
	﻿EEG procedure and paradigm
	﻿Recording of behavioral data and analysis
	﻿EEG acquisition and data analysis
	﻿Clinical data and questionnaires
	﻿Statistics

	﻿Results
	﻿Questionnaires: sexuality and well-being
	﻿Questionnaires: Chemsex behavior and substance use
	﻿EEG paradigm: behavioral results
	﻿EEG paradigm: ERP results
	﻿Correlations

	﻿Discussion
	﻿Conclusion
	﻿References


