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Abstract

Purpose of Review Biofeedback is a promising technique that has been used as a treatment tool for different psychological
disorders. In this regard, central (neurofeedback) and peripheral psychophysiological signals are presented as comprehensible
stimuli with the aim of training specific processes. This review summarizes recent evidence about its use for the treatment
of impulsivity-related processes in addictive disorders.

Recent Findings Neurofeedback (NFB) protocols, based on electroencephalography (EEG) and functional magnetic reso-
nance imaging (fMRI), have focused on substance use disorders. Biofeedback protocols using peripheral measures have been
mainly based on heart rate variability and focused on behavioral addictions. EEG-NFB reported good results in the reduc-
tion of hyperarousal, impulsivity and risk taking in alcohol use disorder, and decreased rates of smoking and less craving in
nicotine addiction. In fMRI-NFB, effective NFB performance has been related with better clinical outcomes in substance
use disorders; however, its implication for treatment is still unclear. Heart rate variability biofeedback results are scarce, but
some interventions have been recently designed aimed at treating behavioral addictions.

Summary In addictive disorders, biofeedback interventions for impulsivity-related processes have shown promising results,
although the literature is still scarce. Further research should aim at proving the effectiveness of biofeedback protocols as a
treatment option for impulsivity in addictive disorders.
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Biofeedback therapeutic approaches can be used to modu-
late specific central and peripheral responses that are thought
to be useful in regulating impulsivity-related behaviors, and
s0, they are a promising tool for the treatment of addictive
disorders [10e]. The most common techniques used in NFB
interventions for addictive disorders are electroencephalog-
raphy (EEG) and functional magnetic resonance imaging
(fMRI). However, peripheral psychophysiological responses
such as heart rate (HR) or heart rate variability (HRV) reflect
the self-regulatory capacity and, therefore, have also been
employed as a biomarker of top-down self-regulation [11].
Indeed, the higher an individual’s HRYV, the better the per-
formance in tasks requiring response inhibition [12].

Impulsivity is an important component of human behav-
ior that has been broadly defined as a predisposition to act
without premeditation or consideration of immediate or
future consequences [13]. However, when there is a per-
sistent impulsive pattern of performance extending into
adulthood, impulsivity may trigger the development of sev-
eral psychiatric disorders [14]. Because of its importance
in research and clinical fields, the concept of impulsivity
has been investigated from various perspectives and several
definitions and measures have been proposed [15].

From a theoretical point of view, the impulsivity con-
struct has been divided into three major domains: choice
impulsivity, response impulsivity, and impulsive personality
traits. Firstly, impulsive choices reflect a poor evaluation
of future consequences and the inability to resist immedi-
ate rewards [16, 17]. Secondly, response impulsivity (or
impulsive action) is the capacity to inhibit a prepotent motor
response [18]. Finally, it has been proposed that trait impul-
sivity has multiple components. For instance, Lynam and
colleagues identified five components (positive urgency,
negative urgency, lack of premeditation, lack of persever-
ance, and sensation seeking), which are measured with a
self-report inventory, the UPPS-P Impulsive Behavior Scale
[19]. Similarly, Patton and colleagues proposed the Barratt
Impulsivity Scale (BIS-11) [20] which fractionates impul-
siveness into cognition, motor, and planning components.
Together, these findings suggest impulsivity is a complex,
multidimensional component of human behavior [13].

This narrative review aimed to compile recent literature
on biofeedback interventions involving central and periph-
eral measures for impulsivity-related processes in addictive
disorders, both substance use disorders (SUD) and behav-
ioral addictions.

EEG Neurofeedback

Using electroencephalography neurofeedback (EEG-NFB),
individuals can learn to modulate their own brain waves to
improve behavioral, cognitive, and emotional self-regulation
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[10e]. Three different models have been proposed to explain
how the regulation of EEG activity might be learned [21].
The first model is operant conditioning, which declares
that the occurrence of a positively reinforced behavior will
increase. Therefore, in NFB studies, correct or desired brain
responses are positively reinforced by obtaining reward
points, a smiling face, auditory feedback, etc. Secondly, it has
also been proposed that self-regulation of EEG parameters
is comparable to motor learning, such as riding a bicycle.
The third model of how to regulate one’s own brain activity
is the dual process theory, which describes learning as an
interaction of feed-forward and feed-back processes [22].

In short, brain waves are patterns of electrical activity
that can be recognized by their amplitudes (the power of
the waves measured in microvolts) and frequencies (how
fast the waves oscillate measured by the number of waves
per second). Based on their frequency, brain waves are cat-
egorized into delta (less than 4 Hz), which are observed in
the EEG signal when a person is asleep; theta (4-8 Hz),
observed when the person is sleepy; alpha (8-13 Hz),
usually seen when the person is awake but relaxed; beta
(13-30 Hz), present when individuals are alert; and gamma
(30-100 Hz), typically observed when a person is trying
to solve a problem. Moreover, these frequency components
have subsets, such as the sensorimotor rhythm (SMR) fre-
quency bands (12-15 Hz), which are categorized by low
beta waves, observed when the person is alert but physically
relaxed [23].

That being said, in the past few decades, several EEG-
NFB protocols targeting different brain signals have been
developed, which can be divided into different categories
[1]. The most commonly used training is the frequency
training, which aims to change the power ratio of the EEG
frequency bands [24]. Among the most well-studied and
used frequency training protocols, are the EEG alpha/theta
ratio training and the enhancement of the SMR frequency
(12-15 Hz) [25]. Secondly, there is the coherence training,
which focuses on the coherence or the degree of correlation
between two or more brain regions. Specifically, this proto-
col aims to change the connectivity patterns among brain
areas [26]. Distorted connectivity has been shown in vari-
ous neurologic disorders compared to healthy controls [27].
Finally, several developments in low-frequency NFB have
been introduced recently. Although they have their origins
in traditional higher-frequency training, infra-low-frequency
training and slow cortical potentials NFB in the range of
0.0001-0.01 Hz are two slightly different methodologies in
a similar spectral regime [28].

Currently, EEG-NFB remains the primary and most often
used NFB approach, mainly because they are low-cost, non-
invasive, and easy-to-use methods. However, the majority of
findings in SUD are mixed and are limited by the small num-
ber of studies [3e, 29¢]. Whereas some studies have reported
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that EEG-NFB can improve clinical outcomes and prolong
treatment retention, other authors claim no significant effect
of this intervention on addiction [29¢]. However, in spite of
the heterogeneous findings, EEG-NFB is now considered
a promising tool for modulating brain activity related to
cognitive and emotional impairment in those patients [3e].
Indeed, since 2002, EEG-NFB has been listed as a prob-
able efficacious treatment for SUD in the guidelines for the
evaluation of the clinical efficacy of psychophysiological
interventions [30].

In alcohol use disorder (AUD), the majority of the stud-
ies using EEG-NFB adopted the Peniston and Kulkosky
[31] protocol, which consists of 15-30-minute sessions of
an alpha-theta brainwave training program [2ee]. In this
pioneering study, the authors compared a control group
without alcohol use disorder (AUD), a traditionally treated
group of people with AUD, and a group of people with
AUD receiving brainwave training (BWT) and observed
that the latter showed significant increases in percentages
of EEG record in alpha and theta rhythms and increased
alpha rhythm amplitudes. Moreover, the authors found that,
after training, patients with AUD showed a sharp reduc-
tion in depressive symptoms. Follow-up data also indicated
sustained prevention of relapse in those who received the
training [31]. Recently, Lackner and colleagues [32] also
used the Peniston and Kulkosky [31] protocol to analyze the
efficacy of NFB with a new visual paradigm in a cohort of
patients with AUD treated in an Austrian therapeutic com-
munity center. To measure training effects, participants were
randomly allocated to 2 groups: an experimental group and
a control group. After 12 sessions of visual NFB training,
patients with AUD improved control of their brain activ-
ity, suggesting the effectiveness of visual short-term NFB.
Although many studies have used the alpha-theta protocol,
this EEG brainwave program has not escaped criticism and
some questions have been raised regarding the methodol-
ogy used in the Peniston studies [33]. A few years later,
this protocol was expanded by Scott and colleagues [34]
who combined the alpha-theta training with beta (16-21 Hz)
or SMR (12-15 Hz) training. The aim of this study was
to assess whether an EEG-NFB protocol could improve
outcome measures for the inpatient population with mixed
SUD. To do so, the patients were randomly assigned to the
EEG-NFB or control group. Overall, results showed that the
combined program aims to improve response inhibition and
is supposed to be more suitable for patients with an addic-
tion to mixed substances. Ko and Park [35] assessed whether
EEG-NFB may help to normalize abnormally high beta and
low alpha waves in patients with AUD, by dividing them into
two groups: an experimental group with NFB training and a
control group that did not receive NFB training. These two
groups showed no significant difference in terms of lowering
brain hyperarousal. On the other hand, the hyperarousal state

was maintained in the experimental group but worsened in
the control group. Finally, the experimental group showed a
significant increase in alcohol abstinence self-efficacy and
self-regulation. Bonfiglio and colleagues [36] evaluated the
use of EEG-NFB training for risk taking that is strongly
related to impulsivity in a sample that included patients with
AUD and patients addicted to cocaine. The training involved
the use of a brain computer interface that allows the user to
monitor concentration and relaxation levels. Then, a subject
can be trained to voluntarily produce a concentration condi-
tion. The comparison between the experimental and control
groups showed significant efficacy in reducing risk taking
in subjects with SUD.

The first attempts to use EEG-NFB interventions on
smoking cessation date back to the eighties and used occipi-
tal alpha (8—12 Hz) modulation protocols [37, 38]. Despite
both studies reporting promising results, they had very low
power of evidence and cannot provide enough scientific vali-
dation of the effectiveness of this type of treatment [39¢]. A
recent study [40] attempted to address these shortcomings.
Patients with nicotine addiction were randomized into an
experimental arm, performing real NFB, and a control arm,
performing sham NFB (yoked arm). Overall, the authors
reported decreased rates of smoking in the participants that
were randomized to perform the real NFB in comparison
to participants in the yoked NFB. Moreover, individuals
in the real feedback group showed a significant reduction
in cigarette cravings and a successful deactivation of the
altered EEG pattern. Finally, it was observed that those par-
ticipants who were more successful in the task also showed
a higher decrease in craving scores. In a more recent study
by the same group, the authors used the novel cognition-
guided NFB brain—computer interface paradigm based on
a cue-reactivity model to resolve the shortcomings of tra-
ditional NFB [41]. It has been reported that cue-reactivity
leads to impulsive behavior in drug-seeking behavior as well
as relapse; however, cue-reactivity has multiple EEG fea-
tures including both time (e.g., P300, slow positive wave)
and frequency-domain (e.g., alpha oscillation). The authors
claim that, compared with the single signal EEG, this novel
NFB process, which involves both an offline classifier con-
struction and real-time NFB training, can better enhance
sensitivity [41]. The participants were people with nicotine
dependence. Overall, the authors observed that during NFB
training, the participants’ smoking cue-reactivity patterns
were significantly reduced. The authors also suggested that
this novel protocol should be used with other NFB systems
for the development of other brain-computer interface algo-
rithms and paradigms for addiction.

The aforementioned protocol combining SMR training
with theta-alpha protocol has also been used to treat meth-
amphetamine [42] or opioid [43] addiction. In both studies,
patients were randomly assigned to either an experimental
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group that received NFB training in addition to their usual
medication, or to a control group that received only their
usual medication. Although both studies found decreased
severity of addiction and reductions in craving compared to
treatment as usual (in that case, pharmacotherapy), neither of
them included a follow-up assessment. Recently, Faridi and
colleagues [44] investigated the effectiveness of EEG-NFB
in individuals with opioid addiction. Specifically, the authors
aimed to compare the effectiveness of LORETA (Low-Res-
olution Brain Electromagnetic Tomography) Z Score NFB
and cognitive rehabilitation therapy with Methadone Main-
tenance Treatment (MMT) in reducing cravings in patients
with opioid addiction. To do so, patients were randomly
divided into three groups: a LORETA Z score NFB group,
a cognitive rehabilitation intervention group or a control
group. Indeed, results obtained do support the effectiveness
of LORETA Z Score NFB and cognitive rehabilitation in
reducing opioid craving, improving attentional bias toward
craving cues, and the quality of life among patients. Finally,
EEG-NFB intervention for cocaine addiction has also been
investigated [45]. In patients with cocaine dependence, a
combination of NFB and motivation treatment lowered EEG
reactivity to drug-related images. Interestingly, in a very
recent work by Corominas-Roso and colleagues [10e], the
authors conducted a single-blind sham-controlled NFB pro-
tocol on individuals in prison with a past cocaine and heroin
addiction diagnosis (now abstinent). They investigated the
benefits of infra-low-frequency EEG-NFB on the modula-
tion of impulsivity, which was assessed with the BIS-11 and
the commission-errors of the continuous performance test
[46]. After the EEG-NFB training, clinical symptoms, such
as depressive symptoms, anxiety, impulsivity, and attention
deficits, had improved and the benefits were higher than in
the control group. The authors suggested that infra-low-fre-
quency EEG-NFB was better than placebo in the modulation
of impulsivity [10e].

fMRI Neurofeedback

In 1995, Cox and colleagues [47] reported the first experi-
ment using real-time fMRI. The possibility of providing
hemodynamic changes in the brain in real time opened
a new framework for designing interventions using this
technique [8]. fMRI-NFB transforms the brain activity of
one specific brain region into comprehensible stimuli that
act as feedback. It requires a complex setup, and neural
data have to be processed online; however, fMRI-NFB has
high spatial resolution and can provide direct information
about the activity of subcortical structures (e.g., reward
circuit), which is useful for addictive-related processes,
such as craving [48e].
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Scientific evidence about fMRI-NFB for the treatment of
AUD is scarce [2ee]. In a study with patients with AUD, the
objective was to downregulate the salience response associated
with alcohol-related stimuli and upregulate the salience in
front of positive goals by mental imagery [49]. Regions of
interest (ROIs) were defined for each participant, considering
the brain clusters that were more activated in front of alcohol
or goal-related pictures than when viewing neutral stimuli.
The NFB was displayed by the size of the image. Results
showed no differences in clinical outcomes between the group
that received NFB in addition to the standard treatment for
AUD and the group that only received the standard treatment.
Regarding NFB performance, most patients in the NFB
group had decreased activation in front of alcohol-related
stimuli without significantly increased activation in front of
positive goals. Besides, there was an association between
task performance and less alcohol consumption and lower
craving within the NFB group. Increased craving in front of
alcohol cues is associated with impaired response inhibition, a
characteristic feature of impulsivity [50]. Furthermore, Karch
and colleagues [51¢] reported the results of a double-blind
fMRI-NFB design in patients diagnosed with AUD. The
objective of the NFB task was to modulate the neural activity
associated with craving in front of alcohol-related cues; thus,
the selected ROIs were the anterior cingulate cortex or insula,
associated with craving [52], or the dorsolateral prefrontal
cortex, associated with cognitive control [53, 54]. The NFB
was presented by a graphical thermometer of BOLD activity.
The active group showed more decreased activity in the
ACC, claustrum, and caudate nucleus than the sham group,
suggesting effective top-down modulation of the automatic
response to high salient stimuli during NFB. Clinical outcomes
were similar for both groups; however, within the active group,
those that did not relapse at three months showed more of a
decrease in neural activity. Moreover, new protocols can also
be found in the literature, although experimental data have
not yet been published. Weiss and colleagues [55] proposed
a randomized control trial in patients with AUD to evaluate
if mindfulness training could improve the efficacy of fMRI-
NFB for controlling the cue-reactivity to alcohol-related
stimuli in the ventral striatum. Also, Gerchen and colleagues
[56] presented a randomized control trial with a single-blind
design in patients with AUD, based on the increased reward
system activity and the diminished cognitive control in front
of alcohol-related stimuli, which are characteristic features of
people with AUD.

Most fMRI-NFB studies in persons with nicotine addic-
tion were aimed at modulating the craving response [39e].
Craving is a key factor for nicotine consumption and
relapse [57], and it is related to the impulsivity dimension
of urgency [58]. To our knowledge, three studies reported
data on fMRI-NFB in persons with nicotine addiction [51e,
59, 60]. Karch and colleagues [S1e] aimed to assess if, in



Current Addiction Reports (2023) 10:543-552

547

those patients who remained abstinent after three months,
NFB performance was different from the ones who had
relapsed. They analyzed the data of an NFB group and a
sham group. The paradigm was formed by blocks where they
were exposed to either tobacco-related pictures or neutral
pictures while receiving NFB via a graphical thermometer.
The real NFB group received the signal from brain areas
associated with craving (anterior cingulate cortex, insula,
or dorsolateral prefrontal cortex), whereas the sham group
received the NFB of other areas such as the parietal cortex.
After three months, the relapse rates showed no difference
between real NFB and sham conditions, but within the real
NFB group, the ability to reduce the neural response during
the first session was a good predictor of treatment success.
Moreover, these results are supported by another study that
analyzed the data from the same group of patients to evalu-
ate the correlation between the activity of the default mode
network and smoking cessation [59]. This study reported
no differences between the real NFB and sham conditions
in terms of smoking relapses. However, it showed that a
broader default mode network connectivity and a lower neg-
ative coupling with the salience network were associated
with higher relapse rates in patients that underwent a smok-
ing cessation program that included an fMRI-NFB inter-
vention. These patterns would be associated with the cog-
nitive end-emotional control of withdrawal in people with
nicotine dependence. Another study by Rana and colleagues
[60] aimed at reducing craving by the downregulation of the
bilateral insula response in front of tobacco-related cues.
Four participants were selected by their scores in nicotine
dependence and number of cigarette consumption. They
achieved to downregulate insula activity with NFB in the
presence of tobacco-related pictures and a reduction in crav-
ing and cigarette consumption that continued at the 6-month
follow-up. The insula plays a central role in craving pro-
cesses, and its downregulation may have helped to reduce
the salience of tobacco-related stimuli. However, this study
had several limitations, as the sample was small and also
lacked a control group or sham condition to compare.

To date, only one study reported results of an fMRI-NFB
paradigm in patients with cocaine addiction. Addiction to
cocaine is associated with an enhanced reward response
toward drug-related stimuli, a diminished response toward
non-drug-related potential rewards and impaired execu-
tive control [61-63], leading to elevated impulsive drug
use. Kirschner and colleagues [64] aimed to upregulate
the reward response to non-drug-related stimuli in a men-
tal imagery paradigm with fMRI-NFB. The areas selected
for the NFB training were the substantia nigra and the ven-
tral tegmental area of the midbrain, characterized by their
dopaminergic neurons [65]. Both patients and healthy
controls were able to self-regulate reward circuity areas,
but this ability was hampered in those patients with more

obsessive—compulsive thoughts and more cocaine consump-
tion. However, the impulsivity traits assessed with the BIS-
11 [20] were not associated with brain activity during the
task, and the ability to self-regulate reward response did not
improve after the NFB training.

HRV Biofeedback

HRYV, defined by the variations of intervals between heart-
beats, is associated with the regulatory function of the auton-
omous nervous system according to environmental demands
[66]. In addictive disorders, the lower HRV described in
SUD has allowed researchers to hypothesize that the reward
circuit modulates the autonomous nervous system [67e].
However, there are fewer studies evaluating this biofeedback
technique to regulate impulsive tendencies in SUD than in
behavioral addictions.

In gambling disorder (GD), biofeedback techniques are
usually integrated into gamification, using video games as
complementary tools for mental health treatments (i.e., seri-
ous games). Relaxation techniques (e.g., breathing training)
are incorporated and enhanced by the management of physi-
ological variables (e.g., HRV) to handle stressful situations
and achieve better emotion regulation. The biofeedback
sensors connect emotional reactions to the media display.
The patient learns how to better manage their emotional
reactions by interacting with the application, being visually
rewarded when they do the training properly and consoli-
dating their learning via breathing techniques. An increase
in HRV would translate to better well-being and emotional
control, being able to better regulate negative affect, having
more flexible emotional responses, and using more adaptive
emotional regulatory strategies. Furthermore, a reduction in
impulsive behaviors and arousal as well as the enhancement
of self-control have been reported [68, 69]. The relation-
ship between emotion regulation and impulsivity traits has
been previously described [70, 71], and whether changes
in impulsivity levels could derive from greater emotional
control associated with biofeedback techniques should be
further studied.

One recent intervention for GD using HRV biofeedback
is the serious game e-Estesia, a complementary tool for tra-
ditional cognitive behavioral therapy (CBT) intervention
designed to reduce arousal, improve emotion regulation,
and increase well-being [72-74]. e-Estesia is displayed on
a tablet connected to a thoracic biosensor registering HR
and HRV data and providing biofeedback in a gamified envi-
ronment. Interestingly, the usability of e-Estesia has been
supported by patients diagnosed with GD [72]. Patients
diagnosed with GD enrolled in the e-Estesia intervention
had significantly less relapses and better indicators of treat-
ment compliance than patients only treated with CBT. No
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significant reductions in self-report impulsivity levels (meas-
ured by the UPPS-P Impulsive Behavior Scale [19]) nor in
emotion dysregulation were achieved after using e-Estesia
[73]. However, in the group treated with the serious game, a
reduction in emotional reappraisal (considered as a maladap-
tive emotional coping strategy) was observed [73]. These
studies mentioned a precursor serious game with biofeed-
back sensors called Playmancer, applied to patients with
GD, which also trained users in relaxation, self-awareness,
and self-regulation [69, 75]. In the context of e-Estesia, a
study regarding biofeedback interventions in other impulsiv-
ity-related behaviors has been published based on a patient
with Parkinson’s Disease and hypersexuality [74]. He was
treated with 20 sessions of CBT, followed by 15 sessions of
e-Estesia. After the combined treatment, the patient scored
lower in emotion dysregulation as well as in the lack of per-
severance, positive urgency and negative urgency scales of
the UPPS-P [19]. Likewise, the frequency and severity of the
relapses decreased. However, the clinical complexity of this
case limited the possibility of attributing the improvement
to the intervention with the serious game [74]. Furthermore,
Giordano and colleagues [76] described another serious
game treatment protocol (Alter Game) aimed at preventing
gambling relapse, which employed biofeedback techniques
measuring HR, HRV, skin conductance, and temperature to
assess psychophysiological arousal in the face of gambling
cues. In this vein, psychophysiological arousal is considered
as an indirect measure of craving which, in turn, has been
related to impulsivity in GD [77, 78]. The authors suggested
a pre-post experimental design in adults with GD, compar-
ing a group treated with traditional CBT versus a group
treated with CBT plus Alter Game, with a one-month follow-
up. Among the psychometric assessments, they proposed to
evaluate impulsivity with the BIS-11 [20]. Although promis-
ing, no results have been reported so far.

Studies related to biofeedback and gaming have been
mostly performed in the adolescent population. Posko-
tinova and colleagues [79] evaluated the effectiveness
of short-term HVR biofeedback training to increase
the total power of the HRV spectrum in 20 adoles-
cents between 15 and 16 years old. They distinguished
between adolescents at minimal risk or at significant risk
of internet addiction. While the total power increased
pre-post training in the first group, there were no sig-
nificant differences in the second group. Moreover, the
total power after the training was significantly higher in
the first group, and a negative correlation was observed
between the risk of internet addiction and total power
in the total sample. The authors concluded that a sig-
nificant risk of internet addiction developing in puberty
may be associated with a decreased autonomous nerv-
ous system reactivity during the training. Then, the risk
of developing internet addiction in adolescents may be
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accompanied by a decrease in the ability to self-regulate.
Besides, withdrawal symptoms associated with exces-
sive internet use had the greatest influence in reducing
the HRV biofeedback efficiency during short-term train-
ing. Similarly, Demin and Poskotinova [80] compared
three groups of adolescents between 16 and 17 years
old at minimal risk of internet addiction, at high risk
of internet addiction, and those with a diagnosis of
internet addiction. Apart from HRYV, they added EEG
measures at baseline and during the short-term HRV bio-
feedback training period to identify the most sensitive
brain regions to HRV biofeedback. In all groups, HRV
biofeedback training increased HRV. While an increase
in EEG activity during HRV biofeedback might sug-
gest a higher emotional control, the group with internet
addiction showed the least reactivity of emotiogenic
areas during the training. A recent systematic review
and meta-analysis included 12 studies regarding HRV
at baseline and after stimuli exposition in individuals
with problematic use of the internet [67¢]. The authors
reported that these individuals had significant differ-
ences in parasympathetic activity in resting state com-
pared with healthy subjects, those with problematic
internet use having lower baseline HRV. However, there
were no significant intergroup differences regarding
HRYV reactivity. Some of the limitations described were
related to the heterogeneity between studies in the types
of population (e.g., people with problematic use of the
internet and people with internet addiction), as well as in
the measures of physiological variables (e.g., HRV indi-
ces), or the lack of adjustment for potential confounders
that affect these physiological variables, among others.
It is worth mentioning that works exploring biofeed-
back and gaming referred to physiological variables that
could be related to impulsivity. In contrast to the afore-
mentioned studies in GD, they did not include a direct
evaluation of impulsivity, such as specific psychometric
assessments.

Furthermore, one recent study reported a biofeedback pro-
tocol aimed at reducing craving and negative affect in patients
with SUD by the use of an app for breath pace training [81].
This technique aims at optimizing HRV by synchronizing
breath with heart rhythm. Participants were women with SUD
who were receiving outpatient addiction treatment. They were
assigned to either the group who did cardiovascular resonance
breathing (6 breaths per minute) or sham (14 breaths per min-
ute). In participants who used the app frequently, those who
were assigned to the sham condition experienced the typical
elevated levels of craving during the intervention, but those
who did cardiovascular resonance breathing did not experience
these increases. These results supported the use of cardiovas-
cular breath training as a method for reducing elevated craving
episodes during outpatient treatment.
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Combined EEG-Skin Temperature
Biofeedback

Besides the interventions with only central or peripheral
measures of biofeedback, the combination of both meas-
ures could also be an interesting approach to benefit from
the features of each method. In that sense, Pandria and col-
leagues carried out an intervention with combined periph-
eral biofeedback from skin temperature and EEG-NFB for
smoking cessation in people with nicotine addiction [82].
Both biofeedback interventions were performed separately
and showed changes across sessions. The intervention
yielded positive results in both objective and self-reported
measures of smoking, but with the limitation of no control
or sham groups.

Conclusions

This review compiles the most recent evidence about
biofeedback paradigms as complementary interventions
aimed at reducing impulsivity-related features of addic-
tive disorders. In the last years, NFB protocols have been
aimed at SUD, mainly alcohol and nicotine addiction,
particularly craving and the stimuli salience. EEG-NFB
has been related to better clinical outcomes in AUD, as
well as a reduction of hyperarousal and an effective reduc-
tion of impulsivity and risk taking. In nicotine addiction,
recent evidence about EEG-NFB reports decreased rates
of smoking, decreased cue-reactivity toward smoke-
related stimuli and less craving, with more reduction
associated with better NFB performance. Also, for other
drugs, EEG-NFB have been associated with an improved
attentional bias toward craving cues as well as improve-
ments in clinical symptomatology, including impulsivity
and attention deficits. According to fMRI-NFB studies in
AUD, patients who achieve more effective downregulation
in front of alcohol-related stimuli tend to present better
treatment outcomes, although the clinical improvement
due to fMRI-NFB training is still not adequately demon-
strated. In nicotine addiction, results support the idea of
NFB performance as a predictor of treatment outcomes,
as those patients who have better performance from the
initial sessions and thus, better cognitive control over
craving, would present better treatment outcomes. How-
ever, available studies do not provide evidence about the
possible beneficial effect of fMRI-NFB training for the
treatment of this disorder. In cocaine addiction, impaired
reward modulation using fMRI-NFB is related to more
severe symptomatology; however, its transference effect

toward treatment is still not confirmed. Besides, most
recent biofeedback protocols using peripheral measures
are based on HRV and have been mainly focused on behav-
ioral addictions, such as GD or gaming disorder. Studies
exploring biofeedback to modulate impulsive tendencies
in behavioral addictions are scarce and mostly based on
measures of physiological variables such as HRV. Further
research regarding biofeedback techniques different from
HRYV is needed, such as interventions specifically focused
on impulsivity and studies with a bigger sample size and
longer follow-up periods.

In summary, biofeedback interventions for impulsivity-
related processes in addictive disorders have shown prom-
ising results; however, the literature is still scarce, and
some findings are limited by methodological issues like
a short follow-up period or lacking a comparison group.
Future designs should include a control and/or sham group
to validate the effectiveness of these interventions and
evaluate the impact of biofeedback interventions over the
long term.
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