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This work explores the use of fNIRS neuroimaging technique using young female college
students with different levels of consumption of pornography, and the activation of
the prefrontal cortex (cue reactivity) when viewing a pornographic clip (cue exposure)
versus a control clip. The results indicate that the viewing of the pornographic clip (vs.
control clip) causes an activation of Brodmann'’s area 45 of the right hemisphere (BA 45,
pars triangularis) (p < 0.01). An effect also appears between the level of self-reported
consumption and the activation of right BA 45: the higher the level of self-reported
consumption, the greater the activation (p < 0.01). On the other hand, those participants
who have never consumed pornographic material do not show activity of the right BA 45
compared to the control clip (o < 0.01) indicating a qualitative difference between non-
consumers and consumers. These results are consistent with other research made in
the field of addictions. It is hypothesized that the mirror neuron system may be involved,
through the mechanism of empathy, which could provoke vicarious eroticism. Finally,
we suggest the applications that these results may have for primary and secondary
prevention programs in the field of problematic consumption of pornography.

Keywords: pornography, neuroscience, health communication, fNRIS, Brodmann area, health prevention
campaigns, neuro communications, addiction

INTRODUCTION

In recent years, the technological advances experienced in the field of neuroscience allow us to study
the structure of the brain and its functioning from a previously unknown approach. This has been a
very important advance in various applied areas of the human sciences. One of the most developed
fields thanks to this has been that of public health and prevention since essential research has been
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generated for the development and optimization of public health
interventions (Cuesta-Cambra et al., 2017; Horn et al., 2020).

Public Health and Prevention

Public and preventive health is an area extraordinary growth.
One of the reasons is the cost-benefit ratio it provides. Relatively
inexpensive prevention programs manage to reach a large part
of the population avoiding risks and diseases that are very
expensive to treat once developed. Recent pandemics, especially
COVID-19, have further potentiated this area. One of the
most relevant areas of public and preventive health is that
of addiction, given that it is a problem that affects a large
part of the population and with very adverse consequences
(Mann et al., 2017).

Currently it is possible to observe neural changes,
analyze neuro-images and better understand how the
mechanisms that determine the cognitive or behavioral
processes of addiction operate. Thanks to these advances,
current knowledge about the factors that influence addictive
behaviors has taken a qualitative leap, better identifying
some of the neurobiological processes through which
biological and sociocultural factors contribute to addiction
(Volkow and Boyle, 2018). These innovative lines of research
play a very relevant role in the design of prevention
programs that target more precisely the mechanisms that
determine behavioral health problems and, therefore,
are essential to prevent behaviors linked to addiction
(Fishbein and Dariotis, 2019).

The prevention of addictions consists of persuading large
population groups through social persuasion programs
developed, fundamentally, through social media. Health
communication is a field whose constant evolution confirms that
it is a strategic tool that, when used correctly, can be very effective
in influencing the behavior of individuals (Goldstein et al., 2015).

The report released by the United States Department of
Health and Human Service, Healthy People 2020, highlights
the importance of research in the development of health
communication programs, an aspect that is confirmed in studies
that demonstrate the effectiveness of communication in the
prevention of tobacco addictions (Kimber et al., 2020), to
gambling (Parham et al, 2019) or to different substances
(Timko and Cucciare, 2019).

However, there is currently a lack of basic neurocognitive
research that makes it possible to better base prevention and
communication programs. Only a deep knowledge of the
mechanisms underlying the behavior to be modified will allow
the design of adequate preventive programs. In this sense,
neuroscience can provide very important data, especially in areas
as relevant as addictions, where neurocognitive mechanisms play
an essential role.

A communication campaign must be based on the rigor
and evidence provided by scientific knowledge (Kumkale et al.,
2010), the key being to identify through solid methodologies
the neurocognitive factors that intervene in addictions in order
to articulate messages that really target those variables that
promote a change in behavior. No communication strategy is
effective if the messages are not built on a frame of reference

that is defined by adequate knowledge of the motivating concepts
that provoke the reaction of the brain receptors (Gallagher and
Updegraff, 2013). For this reason, some authors speak of the
important emergence of a new study area: the neuroscience
of persuasion (Cacioppo et al, 2018). As these authors say:
“A growing literature on the neural correlates of persuasion
has emerged within the past decade...with the majority of
studies in this literature focused on the neural correlates of
behavior change following exposure to a persuasive appeal. ..
but there are important remaining questions to address and
major opportunities to be pursued that should attract and
ignite research attention” (Cacioppo et al., 2018, p.165). The
importance of integrating the neuroscientific approach with
theories of cognitive and emotional information processing
underlying persuasive communication and prevention is evident.
These investigations will not only increase our knowledge
of brain and behavior interaction, but will also allow us
to better understand the mechanisms of persuasion and
social influence.

Addiction and Behavioral Addiction

Addiction is one of the biggest public health problems in the
contemporary world. The different existing addictions cause a
large number of deaths and physical and psychological diseases,
also causing disorders of behavior, personality, affectivity and
social integration (San Juan, 2019).

In order to comprehend the basic principles of addiction,
the most recent studies focus their interest in understanding
how the prefrontal lobe works and what are the associated
cognitive functions, in order to assess what role dopaminergic
reinforcement systems play in the process, inhibitory
control, decision making, the search for experiences or
social relationships and other factors. Goldstein and Volkow
(2002) explain how addiction occurs when the motivational
system and the prefrontal inhibitory control system are
decompensated and the former gives an exaggerated value
to the substance consumed repeatedly while the individual
is unable to inhibit a behavior that generates an immediate
reward and disregard the risks of this addiction. The increased
interest in addictions, more recent research has emerged
regarding behavioral addictions. In 2013, the fifth edition of
the Diagnostic and Statistical Manual of Mental Disorders
was modified to include a subdivision of non-substance-
related disorders in the Substance-Related and Addictive
disorders category (Goldstein and Volkow, 2002). This
subdivision is specifically focused on addictive disorders
that do not involve the use of substances and is often called
behavioral addictions.

In addition, in recent years the WHO has introduced
behavioral addictions into its classification. In this new list,
internet addiction is one of the most widespread and could be the
cause of important emotional and psychological disorders in the
individual (Demetrovics et al., 2008; Vondrackova and Gabrhelik,
2016). Within the internet, the use of the net with the aim of
achieving sexual gratification is an increasingly common practice
(Cooper and Griffin-Shelley, 2002). There is solid evidence that
indicates that problematic consumption of pornography as well
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as addiction to pornography is increasing, especially in young
men (Castro et al., 2019; de Alarcén et al., 2019), causing serious
difficulties in this population.

Pornography Addiction

Thanks to neuroscience, it has been possible to investigate the
reasons why adolescents are more likely to develop substance
use disorders than adults. The results explain how during
adolescence the reward/motivation mechanisms and the limbic-
emotional circuits exhibit a state of hyperactivity that fosters
greater emotional reactivity and drives the search for behaviors
that generate immediate reward. Furthermore, the prefrontal
cortex cannot fully self-regulate, leading to increased impulsivity
and risk taking (Jordan and Andersen, 2017). Through studies
based on neuroimaging methodologies, it has been possible to
observe the neural circuits that are activated during addictive
behaviors, the gratifying responses, as well as all those processes
that activate conditioning to the substance, mood, anxiety or
reactivity during withdrawal symptom period (Volkow et al,
2016; Zilverstand et al., 2016).

There are multiple studies based on knowledge of substance-
related addictions (Addicott, 2020; Votaw et al., 2020), however,
research related to behavioral addiction is much more scarce,
highlighting those focused on understanding the relationship
between addictive behavior and activation of the Dorsolateral
Prefrontal Cortex and its effects on working memory and
inhibition of the control of impulsive responses (Alizadehgoradel
et al., 2020; Maheux-Caron et al., 2020). One of the behavioral
addictions that has attracted the most attention in recent years
is pornography addiction. The increased use of the internet
may have led to increased consumption and acceptance of
pornography (D’Orlando, 2011). Internet pornography is unique
as it offers anonymity, free and easy access. These three drivers
of internet pornography usage referred to as the “Triple-A
engine” are what causes the popularity of internet pornography
(Cooper and Griffin-Shelley, 2002). As a consequence of the
increased pornography use worldwide, there has been much
focus on compulsive internet pornography as a subdomain
of hypersexuality (Carroll et al., 2008; Déring, 2009; Griffiths,
2013). On the other hand, individuals who consume cybersex
increasingly show younger profiles, and the consumption of
online pornography causes a decrease in self-esteem and an
increase in stress levels in young people (Ainsworth-Masiello
and Evans, 2019). According to the report of the Association for
Media Research (AIMC), “Internet Audience March 2020, 15.3%
of users in Spain are young people between 14 and 24 years old,
highlighting the progressive growth of included in the section
from 14 to 19 years. In addition, the Internet consumption habit
by adolescents is characterized by impulsive and uncontrolled
behavior in which the need to repeat addictive behaviors prevails,
generating a high degree of irritation if browsing is interrupted
(Xanidis and Brignell, 2016; Rojas et al., 2018). If we consider
that one of the main personality traits of adolescents trained in
the digital age is the urgent need to obtain immediate pleasure,
we will better understand the activities risk that the consumption
of online porn content can pose for individuals still in maturation
process of gratification.

Empirical evidence seems to support the notion that
abusive online pornography use leads to adverse behavioral
(couple-related behavioral changes, reduced social interaction,
modified goal standards), physiological (modification of sexual
psychophysiological patterns such as erection) and emotional
effects (guilt, negative chains of thought, reduction of self-
esteem) (de Alarcon et al.,, 2019). There is also strong evidence
that indicates the effects that porn consumption causes on the
brain (Muller, 2018). In this way, through reverse induction, it
is possible to better understand the mechanisms that underlie
the problematic consumption of pornography and even analyze
the existence of possible differences or “typologies” profiles of
consumers. In this sense, one of the most important differences
to investigate in this field is gender differences. Inh6f et al. (2019)
have recently presented strong evidence on gender differences
in activation of the prefrontal cortex in internet addiction.
Sometimes, this behavior ends up becoming a behavioral
addiction, which may in turn increase its adverse effects.
Behavioral addictions are becoming more prevalent, especially
among young adults (e.g., online gambling, excessive smartphone
use, and online porn addiction). There exists evidence indicating
that women are joining the use of these websites and devices
(Shaughnessy et al., 2011, 2017; French and Hamilton, 2018).

On the other hand, health organizations are generating
research projects that allow to develop primary and secondary
(treatment) prevention programs based on already-existing
intervention programs on this field (Vondrackova and Gabrhelik,
2016; Sniewski et al., 2018). Nevertheless, there is no robust
empirical evidence on women’s online porn use habits nor on the
neurocognitive mechanisms involved in this behavior, which in
turn is hurting the creation of these prevention programs.

This research is carried out within the emerging area of
“neuroscience of addiction and prevention” (Volkow and Boyle,
2018). In this frame of reference, it has been proposed that the
addiction cycle is articulated in three stages and involves three
fundamental brain regions: (1) the anticipatory response, mainly
caused by stimuli (internal or external) involving the prefrontal
cortex and which is responsible of craving, the irrepressible
impulse that starts the behavior, (2) the execution of the behavior
(with or without substance intake) that involves the base ganglia
and the reward circuit, and (3) the extended circuit of the
amygdala responsible for withdrawal and restoring balance to
the stress response (United States Department of Health and
human service, 2016).

The goal of primary prevention is to persuade the target
population to prevent the problem behavior from occuring.
Therefore, according to this model, the anticipatory response
cycle, as responsible for the initiation of the behavior, is the one
that plays the most important role. Furthermore, as the model
points out, the behavior is activated due to the appearance of
a stimulus. Since addictive behavior consists of very powerful
learning due to the intensity of the reward, the triggering
stimulus acts as a discriminating stimulus. The discriminative
stimulus is defined by the psychology of learning as that stimulus
that signals to the subject the availability of reinforcement
in operant conditioning. When reinforcement involves the
dopaminergic brain systems as intensely as it does in addictions,
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discriminative stimulation and craving play an essential role. This
research focuses on studying the importance of the discriminative
stimulus consisting of sexually explicit images (cue exposure)
and the craving response (cue reactivity) in young women who
watch a clip with pornographic content versus a clip with neutral
content. This paradigm has been used in the study of substance
addictions, such as smoking (Kroczek et al., 2017), but it has not
been developed in the field of behavioral addictions such as the
consumption of pornography.

Recently, Strahler et al. (2018) have studied the neural
correlates of gender differences in distractibility by sexual stimuli.
These authors researched neural activity specific to sexual
images in brain regions implicated in motivation and reward
processing. They found that men as compared to women showed
stronger responses in the nucleus caudatus, the anterior cingulate
cortex, and the nucleus accumbens. Sexually-motived traits were
selectively correlated with nucleus caudatus activity.

The goal of our research is to analyze the role of the
dorsolateral prefrontal cortex during pornography cue exposure
in young women. By achieving this goal, we intend to
provide with knowledge on the neurocognitive fundamentals
of this behavior, which will set the foundations of future
developments of useful prevention programs. This research
may also help to consolidate already-initiated communication
programs within health organizations in the field. This study
tested whether the prefrontal cortex of participants high (vs.
low) in porn consumption showed more activation when exposed
to pornographic content relative to a no-treatment condition.
In line with previous research (Kihn and Gallinat, 2014;
Zangemeister et al., 2019) we expected participants high (vs. low)
in porn consumption to increase their activity (cue reactivity) in
the prefrontal cortex area when being exposed to footage with
pornographic content (cue exposure). We analyzed the activity
of the prefrontal cortex using the fNIRS (functional near infrared
spectroscopy) technique, which has been shown to be effective
in this type of study (Karthikeyan et al., 2020). There is also
similar evidence in neuroimaging studies using fNIRS in the field
of addictions (Ieong et al., 2019).

As noted, previous research has shown that higher levels
of right pars triangularis reactivity as measured by fNIRS in
the prefrontal cortex area are associated with self-regulatory
endeavors. Of course, it is possible that other stimuli in
the lab context might be responsible for such potential
difference in activation (e.g., cover story, brain-measuring
apparatus, lab environment). Thus, an important goal of
the current study was to compare the extent to which
the prefrontal cortex activation differs as a function of the
type of video (control vs. porn) participants were exposed
to. The hypothesis to be investigated proposes that certain
areas of the prefrontal cortex will be activated to a greater
extent during the viewing of pornography (vs. control).
Finally, an interaction effect is also hypothesized: That is, the
effect of cue reactivity in the presence of the discriminating
stimulus (porn clip) will be greater the higher the rate of
pornography consumption and, therefore, the more intense
the operant learning has been (Ferrari and Quaresima, 2012).
As a research question, the specific prefrontal area where

the greatest activation will appear in each circumstance
will be considered.

MATERIALS AND METHODS

The experimental procedure of the study was approved by the
research and ethical protocol commission of the Department
of Communication Theories and Analysis of the Complutense
University of Madrid.

The research was conducted with 28 subjects: right-handed
women, Spanish university students (Mean age = 20.04;
SD = 0.79) who voluntarily participated without knowing the
objectives of the research. Women of homosexual or bisexual
orientation were excluded. In order to control socio-cultural
influence, subjects from other countries were also excluded. The
activation of the prefrontal cortex was evaluated during the
viewing of the clips using the fNIRS system: the 20s pornographic
clip was broadcasted followed by a 20s blank screen (porn
baseline) and another 20s of a control clip (television interview),
followed by a 20s blank screen (baseline control). The order of
presentation of the conditions “porn clip + porn baseline” and
“control + control baseline” was randomized. The stimuli were
designed with the program PsychoPy2', an open source package
written in the Python programming language that allows the
creation of visual and auditory stimuli, presentation protocols
and the registration and analysis of data in a simple way and
used for neuroscience and experimental psychology experiments
(Peirce, 2007, 2009; Peirce and MacAskill, 2018; Hansen, 2016).

The independent variables were as follows: VI; = video
type (porn video vs. control video) and VI, = self-reporting
porn consumption as a continuous variable (range 0 to 6).
The frontal cortex activation measured with fNIRS was the
dependent variable.

Internet Pornography Use

First, participants were told that they were going to be
involved in a study exploring personality variables and
reactions to certain stimuli. Participants then responded to
some ancillary questions that served to support the cover
story, and then responded to the item (e.g., “With what
frequency do you usually watch porn per week?”) on which
responses ranged from “0” to “6” with higher numbers
reflecting more porn consumption indicating if they had viewed
pornography. This measure of pornography consumption has
been previously used (with a slightly different scale) and has
demonstrated its validity and reliability for this type of study
(Grubbs et al., 2015).

Stimulus

During fNIRS recording, subjects were instructed to sit and focus
on a blank screen. Then a 20-second clip was then presented,
preceded by a 2-second fixation point and followed by a 20-
second blank screen as baseline, in an uninterrupted sequence.

'www.psychopy.org
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Once these 20-second of white screen are finished, another 20-
second begin with a neutral clip followed by another 20-second
of blank screen as a baseline.

To generate a sexual arousal clip, we selected a Roman
orgy scene from the film Caligula, by Tinto Brass, explicitly
depicting sex. For the neutral clip, we chose a standard
TV interview with a similar stimulus complexity with
the same blank screen as baseline. The choice for a
pornographic scene was able to provoke sexual arousal
as it was confirmed in a previous pilot study with
similar subjects.

In order to avoid cumulative error, the stimuli were presented
in random order.

Measurement of Prefrontal Activity:
fNIRS

Data collection using fNIRS was carried out in the
neurocommunication  laboratory of the School of
Communication of the Complutense University of Madrid®.
Participants were then connected individually to the
fNIRS devices to record the prefrontal activity while
watching the stimuli.

The prefrontal activity data was recorded using a NIRSport2
fNIRS system by NIRx (NIRx Medical Technologies LLC) which
assesses cognitive activation by recording brain oxygenation.
Light-emitting diodes (LEDs) in optodes held to the scalp
by a tight cap emit light from 650 to 1000 nm. This light
passes through the skull and the first layer of the cortex
before being picked up by corresponding detectors. Some of
this light is absorbed by chromophores, but human tissue
is relatively “transparent” in this spectral range (Ferrari and
Quaresima, 2012). Hemoglobin, the transport protein that allows
red blood cells to carry oxygen, is one such chromophore.
A higher concentration of oxygenated hemoglobin results in
more light being absorbed. The fNIRS system displays the
degree of oxygenation in real-time to researchers based on this
principal. The presence of increased oxygenated hemoglobin
is interpreted to be the result of more neural resources being
used in that area. This is typically referred to as “activation.”
Researchers infer cognitive activity based on activation and draw
conclusions from there. Other technologies and techniques are
also routinely used to assess neural activity. As a neuroimaging
technique, fNIRS is a much less expensive alternative to
traditional Functional Magnetic Resonance Imaging (fMRI).
Despite its lower signal-to-noise (SNR) ratio, {NIRS correlates
highly with fMRI measures (Cui et al, 2011), making it
a reliable alternative for use in psychophysiological studies.
fNIRS is both mobile and less sensitive to movement artifacts
than fMRI (Cui et al, 2011), which allows for neuroimaging
experiments that would otherwise be impossible, such as full-
body motion studies. The ability of fNIRS to be used in
a mobile modality is vital to naturalistic studies, since the
goal of a naturalistic study is to be as close to real-world
activity as possible. For investigations of cue reactivity there
are several benefits in using fNIRS, e.g., subjects are sitting

2www.neurolabcenter.com

in a realistic upright position and can handle real objects to
elicit CR by triggering several senses (visual, tactile, olfactory
and interoception during movement). Although fNIRS cannot
measure hemodynamic activity in subcortical structures, it can
assess both the dIPFC involved in inhibitory processes and
the OFC involved in the processing of emotional valence
(Ehlis et al., 2014).

The {NIRS shows the relative changes in hemoglobin levels,
calculated using the modified Beer-Lambert law (Figure 1):
oxygenated hemoglobin change: delta O2Hb (wmol/L),
deoxygenated hemoglobin change: delta HHb (umol/L)
and total hemoglobin change: delta cHb (jumol/L).

In order to measure changes in cerebral oxygenation this study
utilized the NIRSport2 system. (NIRSport2 8-8, NIRx Medical
Technologies LLC, United States) which is a portable, wearable,
multichannel fNIRS system consisting of 8 LED illumination
sources and 8 active detection sensors. Emitters were placed on
positions F1, AF3, FC3, F5, F6, AF4, FC4, and F2 while detectors
were placed on positions F3, AF7, FC5, F7, F8, AF8, FC6, and F4
(Figure 2). Eighteen channels were set up covering the prefrontal
cortex. The source—detector distance was 3 cm. Optodes were
placed on the participant’s head using an Easycap relative to the
international 10/20 system (Jasper, 1958). The data was acquired
with the Aurora 1.4. acquisition Software (v2014 NIRx Medical
Technologies LLC) at two near infra-red light wavelengths of 760
and 850 nm, with a sampling rate of 7.81 Hz.

Participants were then sat in front of a screen, and were told
that video footage was going to be shown. They were instructed
to watch it while the apparatus measured their brain activity,
and to wait for about 20 s after the video was over so a return
to baseline could also be collected. After data collection was
completed, participants were debriefed, thanked and dismissed.

RESULTS

The NIRSport2 comes together with Aurora fNIRS: a software
platform designed to record the signal. The automated signal
optimization algorithm ensures optimal signal quality before
a measurement is started. Once data is being recorded, HbO
and Hb concentration changes can be visualized in real-time
in several display modes. In addition, high-end whole-head
visualizations are immediately available.

Also, the nirsLAB package is available: is a MATLAB-based
software analysis environment developed to support the study
of time-varying near infrared measurements of tissue using the
NIRSport2 system. It is composed of modules for: Importing
NIRS measurement data. Creating files that contain the optode-
position. Preprocessing of measurement data using software
programs that exclude data channels having excessive noise,
deleting experimentally irrelevant time intervals, removing
artifacts from data and filtering to exclude experimentally
irrelevant frequency bands. Computing hemodynamic states
using wavelength and path length dependent parameter
settings. The Data Analysis uses functions found in the
SPM (Statistical Parametric Mapping) package to extend
the capabilities of nirsLAB to include statistical analysis
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FIGURE 1 | Relative changes in hemoglobin levels.

of hemodynamic-state time series. The functions include:
Level-1 general linear model (GLM) analysis of fNIRS
hemodynamic-state time series, to evaluate the position-
dependent relationships between computed data-channel
responses and user-specified temporal models. Level-1 and
Level-2 assessment of the statistical significance of the GLM
model-fitting coefficients (¢-test, ANOVA), or of user-defined
contrasts of two or more models.

Figure 3 shows the SPM contrast manager beta image
display at a 0.01 p-value. The colors denote the magnitude
of oxygenated hemoglobin response to pornographic clip vs.
non-pornographic clip and the specific area of the prefrontal
cortex that was activated (p-value = 0.01). The only area
that was activated significantly more when viewing the
pornographic clip compared to the non-pornographic clip
was that corresponding to channel FC6 (optode D07) and
F6 (optode S05) corresponding to channel N12 (Figure 3).
This channel records right Brodmann area 45 (BA45), more
specifically the pars triangularis. In the video that appears
as Figure 4, the activation of the prefrontal cortex in a
consuming person can be seen dynamically during the viewing
of the porn clip. The heatmap in the video shows the
highest intensity in the activation of the right BA45’. When

3 https://youtu.be/yB4VNsXICGQ

the subjects were grouped into two clusters (non-consumers
vs. consumers) based on the self-report of consumption of
pornographic material, the SPM2 analysis produced the same
result regarding the activated area (right pars triangularis)
verifying the interaction effect (p < 0.01): high consumption
subjects show more right BA45 activity when viewing the
pornographic clip than non-consumer subjects (Figure 5). This
figure shows how the right activity is lower than the left activity
in non-consumers.

Figures 6A-C show the relative changes in hemoglobin
levels for channel 12 that can be seen during the
viewing of the pornographic clip (Figure 6A) in a
subject with high consumption scores of pornographic
material (consumer) and (Figure 6B) a subject with
low consumption scores (non-consumer). In Figure 6C
we can see the levels of oxygenated and deoxygenated
hemoglobin referred to right BA 45 in consumer
during the porn clip.

Once the nirsLAB indicated that the only significant effects
appeared in channel 12, we conducted a linear regression
analysis using the PROCESS 2.16 macro Model 1 for SPSS
(SPSS, RRID:SCR_002865) with porn consumption (centered),
porn footage as a multicategorical predictor (Control Video,
Return to Baseline Control, Porn Video, Return to Baseline
Porn), and the interaction of the two variables on participant$
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FIGURE 3 | Beta image display at a 0.01 p-value of oxygenated hemoglobin (cue reactivity) response to cue exposure (pornography).
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blood flow in the channel 12 of prefrontal cortex (right
pars triangularis). We contrast coded the porn footage as
follows: —2 = Control, —1 = Control Baseline, 1 = Porn
Video, 2 = Porn Baseline. In order to properly probe an

interaction that has one multi-categorical predictor, we followed
the tutorial by Montoya and Hayes (2017). This required
transforming the independent variable into three different
dichotomous variables (D;, D,, and Dj3). We report all
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possible comparisons between conditions (Control vs. Control
Baseline, Control vs. Porn, Control vs. Porn Baseline, Control
Baseline vs. Porn, Control Baseline vs. Porn Baseline, and Porn
vs. Porn Baseline).

The regression revealed a significant two-way interaction
between porn consumption and video footage, AR* = 0.019,
F(3,23427) = 154.67, p < 0.001, meaning that the relationship

oxyHb Time frame: 17 Time: 16 (s)

No event

FIGURE 4 | Video activation of prefrontal cortex in a consuming person during
the porn clip (Supplementary Video S1).

between reported porn consumption and right pars triangularis
reactivity varied as a function of the different videos and baselines
(see Figure 7 for the entire two-way interaction).

Specifically, when comparing control video and the
control baseline, a significant two-way interaction emerged,
B = —408.79, t(23427) = —10.963, p < 0.001, 95% CIL
—481.881, —335.708. As can be seen in Table 1, there was
no relationship between self-reported porn consumption
and right pars triangularis reactivity in the control video,
B = —16.31, t(23427) = —0.60, p = 0.543, 95% CI: —68.968,
36.337. However, porn consumption was negatively associated
with right pars triangularis reactivity in the control baseline,
B = —42511, t(23427) = —1643, p < 0.001, 95% CI:
—475.799, —374.422, indicating that participants who reported
high (+1 SD) porn consumption showed lower right pars
triangularis reactivity than those who reported low (—1 SD)
porn consumption.

A two-way interaction in the opposite direction emerged when
comparing the control video with the porn video, B = 396.634,
1(23427) = 10.321, p < 0.001, 95% CI: 321.309, 471.959. There
was no relationship between self-reported porn consumption
and right pars triangularis reactivity in the control video,
B=—-16.31,1(23427) = —0.60, p = 0.543, 95% CI: —68.968, 36.337.
However, porn consumption was positively associated with right
pars triangularis reactivity in the porn video, B = 380.31,
1(23427) = 13.83, p < 0.001, 95% CI: 326.453, 434.184, indicating
that participants who reported high (41 SD) porn consumption
showed higher right pars triangularis reactivity than those who
reported low (—1 SD) porn consumption.

A similar marginally significant two-way interaction emerged
when comparing the control video with the porn baseline,
B =74.60, t(23427) = 1.824, p = 0.068, 95% CI: —5.569, 154.772.
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FIGURE 5 | Activation of the prefrontal cortex in a non-consumer when viewing a porn clip.
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TABLE 1 | Right pars triangularis reactivity as a function of self-reported porn
consumption and porn video.

Video
Control Control Porn Porn
Video Baseline Video Baseline
Self-Reported Porn High (+1 SD) 239.95 100.80 539.39 —-948.24
Consumption
Low (—1SD) 191.41 1232.25-725.29 —774.84

TABLE 2 | Effects of multiple linear regression with Self-Reported Porn
Consumption and Porn Footage (Control Video, Control Baseline, Porn Video, and
Porn Baseline) as predictor variables and right pars triangularis reactivity as the
dependent variable.

Effects B T
Constant 220.64 4,43
SRPC —16.31 —0.60
CVvs. CB —184.35 —2.69*
CVvs. PV 330.26 4.67**
CVvs. PB —1099.90 —15.41**
CBvs. PV 514.62 7.49
CBvs. PB —915.55 —13.17*
PV vs. PB —1430.17 —19.99**
SRPC x CVvs. CB —408.79 —10.96**
SRPC x CV vs. PV 396.63 10.32*
SRPC x CV vs. PB 74.60 1.82
SRPC x CBvs. PV 805.42 21.34*
SRPC x CBvs. PB 483.39 12.00*
SRPC x PV vs. PB —322.08 —7.79"

*o < 0.05; *p < 0.001. SRPC, Self-Reported Porn Consumption; CV, Control
Video,; CB, Control Baseline; PV, Porn Video,; PB, Porn Baseline.

Specifically, there was no relationship between self-reported porn
consumption and right pars triangularis reactivity in the control
video, B = —16.31, #(23427) = —0.60, p = 0.543, 95% CL
—68.968, 36.337. However, porn consumption was marginally
associated with right pars triangularis reactivity in the porn
baseline, B = 58.28, #(23427) = 1.88, p = 0.058, 95% CI: —2.171,
118.743, indicating that participants who reported high (41
SD) porn consumption showed marginally higher right pars
triangularis reactivity than those who reported low (—1 SD)
porn consumption.

When comparing the control baseline with the porn video,
a significant two-way interaction also emerged, B = 805.43,
1(23427) = 21.34, p < 0.001, 95% CI: 731.464, 879.394 (Table 2).
Reported porn consumption was negatively associated with right
pars triangularis reactivity in the control baseline, B = —425.11,
1(23427) = —16.43, p < 0.001, 95% CI: —475.799, —374.422.
However, porn consumption was positively associated with right
pars triangularis reactivity in the porn video, B = 380.31,
1(23427) = 13.83, p < 0.001, 95% CI: 326.453, 434.184.

A significant two-way interaction also emerged between
the porn video and the porn baseline, B = —322.033,
1(23427) = =7.79, p < 0.001, 95% CI: —403.006, —241.060,
where porn consumption was positively associated with right
pars triangularis reactivity in the porn video, B = 380.31,

1(23427) = 13.83, p < 0.001, 95% CI: 326.453, 434.184. However,
porn consumption was marginally associated with right
pars triangularis reactivity in the porn baseline, B = 58.28,
1(23427) = 1.88, p = 0.058, 95% CI: —2.171, 118.743. Lastly, a
significant two-way interaction also emerged between the control
baseline and the porn baseline, B = 483.396, £(23427) = 12.00,
p < 0.001, 95% CI: 404.501, 562.291. As can be seen in Table 1,
reported porn consumption was negatively associated with right
pars triangularis reactivity in the control baseline, B = —425.11,
1(23427) = —16.43, p < 0.001, 95% CI: —475.799, —374.422.
However, porn consumption was marginally associated with
right pars triangularis reactivity in the porn video, B = 58.28,
1(23427) = 1.88, p = 0.058, 95% CI: —2.171, 118.743 (see Figure 7
for the entire two-way interaction).

As can be seen in Table 3, the results of the analysis of
variance show statistically significant values at all levels of analysis
(p < 0.01) for both main effects and interaction, confirming the
data previously obtained by the multiple regression.

In the following figure (Figure 8) the independent variable
“consumption level” has been transformed into a dichotomous
variable: subjects who have never consumed pornographic
material and subjects who have consumed it. The new
dichotomous variable generated two practically identical groups
regarding the number of subjects.

The analysis of variance performed (Table 4) indicated that
there are main effects (p < 0.01) of the factor “type of clip viewed”
(control vs. porn) but there are no main effects (p < 0.144) of
the factor “level consumption” (consumer vs. non-consumer)
as well as interaction effect (p < 0.01). That is, the interaction
effect is strong enough to override the main effect of the
type of viewing: subjects who have never seen porn decrease
their cortical activation in N12 (BA45, right pars triangularis)
while those who have seen it some increase cortical activation
significantly in right BA45.

DISCUSSION

The objective was to find evidence that allows us to contribute
knowledge not only to the foundations of neuroscience,
but also to the foundations of persuasion neuroscience and
communication and health. Thus, the final objective of this
research is to find certainties that allow the design of health
prevention programs. More specifically, in the area of prevention
of problematic consumption of pornographic material by young
women, who have recently joined the problematic consumption
of pornography (Shaughnessy et al., 2011, 2017; Serrano, 2017;
French and Hamilton, 2018).

The increased use of the internet may have led to increased
consumption and acceptance of pornography (D’Orlando, 2011).
Internet pornography is unique as it offers anonymity, free and
easy access. These three drivers of internet pornography usage
referred to as the “Triple-A engine” are what causes the popularity
of internet pornography (Cooper, 1998). As a consequence of
the increased pornography use worldwide, there has been much
focus on compulsive internet pornography as a subdomain of
hypersexuality (Carroll et al., 2008; Doring, 2009; Griffiths, 2013).
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FIGURE 7 | Right pars triangularis reactivity as a function of self-reported porn consumption and porn video.

TABLE 3 | Effects of two-way ANOVA with Self-Reported Porn Consumption and
Porn Footage (Control and Porn) as predictor variables and right pars triangularis
reactivity as dependent variable.

Effects F

Intercept 22.73*
SRPC 16.39*
CVvs. PV 35.37**

SRPC x CVvs. PV 33.97*

o < 0.05; *p < 0.001. SRPC, Self-Reported Porn Consumption; CV, Control
Video; PV, Porn Video.

Prevention programs manage to reach a large part of the
population avoiding risks and diseases. However, there is an
evident lack of neurocognitive research that makes it possible
to develop better communication programs in health. Only a
knowledge of the mechanisms underlying the behavior to be
modified will allow the design of adequate preventive programs.

This research focuses on studying the importance of the
discriminative stimulus consisting of sexually explicit images (cue
exposure) and the craving response (cue reactivity) in young
women consumers and non-consumers of porn videos. This
paradigm has been frequently used in the study of substance
addictions (Kroczek et al., 2017), but it has been much less
developed in the field of behavioral addictions such as the
consumption of pornography.

The underlying idea is the following: in order to develop
effective prevention programs on porn consumption, it is
necessary to know how the discriminative stimuli that trigger
the onset of behavior. It is important to consider that the
environment in which the behavior of young people develops
constantly presents stimuli of high erotic charge that can act
as discriminating stimuli. Not only advertising stimuli, but
many others, such as those that appear on social networks
such as Instagram or TikTok, present a large amount of
erotic content that can act as discriminatory stimuli causing
behavior and strengthening the learning of problematic behavior.

There is also strong evidence that indicates the effects that
porn consumption causes on the brain (Muller, 2018). This
study tested whether the prefrontal cortex of participants high
(vs. low) in porn consumption showed more activation when
exposed to pornographic content relative to a no-treatment
condition. In line with previous research (Kithn and Gallinat,
2014; Zangemeister et al., 2019) we expected participants high
(vs. low) in porn consumption to increase their activity (cue
reactivity) in the prefrontal cortex area when being exposed
to footage with pornographic content (cue exposure). We
analyzed the activity of the prefrontal cortex using the fNIRS
(functional near infrared spectroscopy) technique, which has
been shown to be effective in this type of study (Ieong et al., 2019;
Karthikeyan et al., 2020).

In the current research, 28 young college women self-
reported their porn consumption habits and viewed two 20-
second video clips (porn vs. control) while the activity of
their prefrontal cortex was recorded using fNIRS. The results
obtained indicated that the discriminative stimulus caused
greater cortical activity in Brodmann’s area 45 (right BA45,
pars triangularis) of the right hemisphere in women consumer,
but not in non-consuming women (p < 0.01). They also
indicated that this effect occurs in the experimental group
compared to the control group and that the porn stimulus
causes a greater effect depending on the degree of consumption.
Consistent with our expectations, women who have never
consumed pornographic material do not increase the degree
of activation of right BA45 compared to the control group.
This result is consistent with the interpretation of the porn
stimulus as a discriminative stimulus of operant learning
“pornography consumption”: if the person has never consumed
pornography, the learning has not started, so the stimulus is
not discriminatory, but neutral (it could even be aversive).
Future research should analyze the difference between “non-
consumers” and consumers to test this interpretative hypothesis.
In addition, it should be analyzed using different types of
addictions such as gambling, social networks, etc. Given that
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one of the priority interests of this research is to provide
evidence for the foundation of prevention programs in health
and consumption of pornography in women, it is important
to deepen the interpretation of the result: the activation of
pars triangularis (area 45 of Brodmann) prefrontal of the right
hemisphere. Although this line of research is very recent, there
is already some bibliography where more activity of the right
pars triangularis has been found in addictions. For example,
Irizar et al. (2020) has found that the right lower frontal
gyrus volume (i.e., pars triangularis) was significantly larger in
both the pathological gambling and cocaine dependency versus
control groups. There is an abundant bibliography that links
this area with mirror neurons and empathy (Uribe et al., 2019;
Krautheim et al, 2019; Rymarczyk et al., 2019). Recently it
has been empirically confirmed that the right hemisphere plays
an important role in the interpretation of gestures and non-
verbal language, especially Brodmann’s area 45 (Inhof et al., 2019;
Krautheim et al., 2019). These data could imply that Brodmann’s
area 45, traditionally associated with verbal language in the
left hemisphere, is complemented by the functions developed
in the right hemisphere. In this way, the left hemisphere
would have a role more linked to semantic memory and the
understanding of linguistic meanings, while the right hemisphere
would deal with the understanding of non-linguistic meanings.
Both would work together with working memory but linked to
different functions.

On the other hand, neocortical correlates have also been found
for the cognitive empathy dimension, while affective empathy
would be related to subcortical structures. Functionally, affective
empathy appears to be linked to the connectivity between the
orbital and cingulate cortices and deeper structures of the limbic
system (Uribe et al., 2019; Xiong et al., 2019). A very plausible
hypothesis could be that the BA45’ neo-cortical structure acts
as an interface between the cognitive and emotional aspects
of empathy and the interpretation of the non-verbal behavior
of others. Furthermore, this hypothesis is consistent with the
fact that a significant number of mirror neurons are found in

TABLE 4 | Effects of two-way ANOVA with extreme values of Self-Reported Porn
Consumption and Porn Footage (Control and Porn) as predictor variables and
right pars triangularis reactivity as the dependent variable.

Effects F
Intercept 1.49
SRPC 213
CVvs. PV 18.17**

SRPC x CVvs. PV 87.61

o < 0.05; ™o < 0.001. SRPC, Self-Reported Porn Consumption; CV, Control
Video, PV, Porn Video.

this area, which would be highly involved in empathy (Gallese,
2001; Decety, 2002; Preston and De Waal, 2002; Decety and
Jackson, 2004; Keysers and Gazzola, 2010). In reality, this brain
area, and others very close, such as the anterior insula, the
anterior cingulate cortex, the inferior frontal cortex, are closely
linked to the experience of emotions such as disgust, happiness
or pain, especially when viewing another person experiencing
these emotions (Botvinick et al., 2005; Lamm et al., 2007).
Freedberg and Gallese (2007) have shown the importance of
the mirror neuron system for aesthetic experiences. Aesthetic
experiences are considered as experiences of perception, creation
and evaluation of stimuli that evoke very intense feelings
(Chatterjee, 2011; Pearce et al., 2016). Christian Keysers at the
Social Brain Lab and colleagues have shown that people who
are more empathic according to self-report questionnaires have
stronger activations for emotions, providing more direct support
for the idea that the mirror system is linked to empathy. It is
possible that the mirror system does not passively respond to the
observation of actions but is influenced by the mindset of the
observer (Molenberghs et al., 2012).

These investigations allow us to propose the following
interpretation of the results of our research: the subjects
who consume pornography, according to their self-report
questionnaires, may show greater empathy for pornographic
images. In other words, the “cue exposure” would provoke
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a greater reaction due to the activation of a kind of
“vicarious eroticism” linked to empathy rather than to the
pure dopaminergic pleasure provided by brain pleasure systems.
Although there is not yet enough empirical evidence, it could
be thought that mirror neurons are involved in sexual behavior,
especially in its empathic component. White (2019) speaks of
“erotic empathy” when referring to this concept. As we have
pointed out, this interpretive hypothesis would also be supported
by the fact that it is the right cerebral hemisphere that shows
BA45 activity. As indicated, the right hemisphere seems to be
in charge of processing cognitive interpretations of non-semantic
aspects of communication. On the other hand, very clear gender
differences have been found in this brain area. For example, Kurth
et al. (2017) found significantly larger gray matter volumes in
females than males for right BA 44 and BA 45 bilaterally but no
significant sex differences with respect to BA 44/45 asymmetry.
This could explain the difference between men and women in
terms of semantic and empathic capacity in many aspects of
psychosocial relationships.

Despite the novelty of this proposal, other authors have found
data that supports the idea that right Brodmann’s area 45 of
the right hemisphere could be linked to behavioral addictions
closely linked to empathy and social relationships. For example,
Schmitgen et al. (2020) found that subjects with Smartphone
addiction showed greater activation in the right prefrontal cortex,
specifically in the pars triangularis (right BA 45). In a very
similar sense, Inhof et al. (2019) has shown that women who
self-reported problematic use or addiction to social networks on
the Internet showed greater activation in the same area: the pars
triangularis (right BA 45) of the right hemisphere and also in
the right pars opercularis. Considering that the objective of this
work is to contribute knowledge to the area of communication
and health neuroscience and, more specifically, of prevention, it
is necessary to propose an interpretive hypothesis of these results
in terms of the theory of communication and prevention. In
this sense, two future research routes can be established. The
first is to delve into the difference between “non-consumers”
and “consumers”: the data seems to indicate that the reactions
to discriminating stimuli (erotic stimuli), responsible for cue
exposure, act very differently in non-consumers compared to
the rest. In non-consumer participants, right BA 45 (pars
triangularis) from the right hemisphere does not appear to
be activated, compared to the erotic stimulus, which is very
consistent with the idea that it is a discriminative stimulus.
The first conclusion, therefore, is important: it is convenient to
distinguish very clearly between primary prevention (the subject
has not started the problem behavior) and secondary prevention
(when the behavior has already started and sought to manage
the risks or make it disappear). In the first case, prevention
must focus on health education and health promotion programs.
Here, the axis of communication should be such that it explains
to the subject and their guardians, in the case of minors, the
importance of not initiating the behavior. It’s initiation would
quickly provoke a sensitization of this cortical prefrontal area,
with the consequences of possible craving before discriminative
erotic stimuli. In the case of secondary “prevention,” persuasion
programs should focus on modifying the attitudes of the subject

to eliminate or modify the consumer behavior. In the case of
young women, the result of this research seems to indicate that
an important motivation in the behavior of consumption of
pornography may be the vicarious search for empathic links of an
erotic nature that is highly driven by the mirror neuron system.
In other words, we would find two variables: the limbic pleasure
system characteristic of erotic behavior and the mirror neuron
system characteristic of empathic behavior involved.

If these hypotheses are correct, prevention programs in young
women should focus on modifying attitudes linked to the search
for “erotic empathy” or “vicarious eroticism.” Said in terms of
communication theory: the target’s insight indicates that the
axis of communication and the strategy of preventive programs
should focus on these aspects of human behavior. Therefore
(in terms of persuasive social communication theory) the USP
(Unique selling proposition) should refer to the benefits in terms
of “erotic empathy” that the subject would obtain if they modify
their attitudes (and, therefore, their behavior) in this area. In the
same sense, the RW (Reason Why) should provide the subject
with new reinforcement incentives to replace the cognitive and
emotional pleasure provided by “vicarious/empathic eroticism.”

Therefore, in this sense, future lines of research should be
developed: analyzing, using neuroimaging techniques (fNIRS,
fMRI), how the brain mechanisms of the subjects behave
against different preventive communication messages in this area
of pornography consumption. The procedure may consist of
manipulating, as an independent variable, the type of message,
the USP and the RW, using the neuroimaging results as the
dependent variable. In this sense, another important line of
future research may consist of analyzing gender differences. If the
hypothesis is correct, it is reasonable to hypothesize that different
areas of the prefrontal cortex are activated in men compared to
women, in the face of pornographic stimuli.

The limitations of this research refer to the size of the sample:
although the number of subjects is considerable for this type of
neuroimaging research, especially considering that the sample
is very homogeneous (young Spanish female college students).
However, an expansion of the sample size could make it possible
to better differentiate between the different degrees of addiction
and between “non-consumers” and consumers.

Our paradigm is interesting in several ways. First, it shows
that, in young women, BA 45 (pars triangularis) from the right
prefrontal cortex plays an important role in the behavior of
pornography consumption. This finding could explain the cue
reactivity caused by the cue exposure that would be responsible
for the craving which, in turn, would trigger consumption
behavior. Secondly, these data could be considered a foundation
for secondary prevention programs where the communication
strategy, the Reason Why and the Unique Selling Proposition
were “vicarious/empathic eroticism.” In contrast, for primary
prevention programs, the communication strategy should focus
on explaining the modifications in the circuits of the right
prefrontal cortex that cause the onset of this behavior and its
cognitive and emotional consequences. Finally, this research can
be useful, if research continues in this direction, to find biological
markers in this problematic or addictive behavior, in line with
other similar research (Man et al., 2019).
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