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A B S T R A C T

Background: Inflammatory pathways are known to be negatively affected in patients with alcohol use disorder
(AUD). Cognitive bias modification (CBM), an emerging behavioral treatment that involves the ‘re-training’ of
cognitive biases using computerized tasks, has been reported to reduce alcohol craving and relapse rates. The
aim of this study was to compare peripheral concentrations of the proinflammatory biomarkers IL-18, IL-6, IL-
1β, TNF-α and CRP in AUD patients versus controls and to identify whether CBM treatment affected these
biomarkers in AUD patients.
Methods: This 3-week double-blind randomized controlled study tested 36 male abstinent AUD patients re-
ceiving CBM or placebo-training, who were also compared to 18 male healthy controls. The approach avoidance
task (AAT) was used to test the AUD patients before and after training. CBM training took place over 6 sessions,
using a joystick-based approach-avoidance task. Blood samples were collected after the pre- and post-AAT test
sessions for the AUD groups, and during an outpatient appointment with the controls.
Results: AUD patients, versus controls, presented with significantly higher plasma levels of TNF- α (P<0.0001)
and CRP (P = 0.0031). No changes in the CBM versus placebo groups were noted in IL-18, TNF-α and CRP
concentrations following pre-post change or within group pretest- posttest analysis. IL-6 and IL-1β levels fell
under the lower detection limit, thus were not included in the final analyses.
Conclusions: This study confirms that the inflammatory system is altered in AUD. This was the first study that
investigated whether CBM training affected proinflammatory markers in AUD patients.

1. Introduction

Millions of people worldwide suffer from alcohol use disorder
(AUD). Several treatments have been developed over the years to help
AUD individuals, ranging from medications to behavioral treatments
(Pace and Uebelacker, 2018). CBT is currently used in clinical settings
and has shown efficacy in reducing excessive alcohol drinking or re-
lapse rates (Carroll and Kiluk, 2017). An emerging tool that is gaining

increased interest in the past decade is cognitive bias modification
(CBM), which aims to target and modify automatic behavioral biases.
CBM, a behavioral intervention that can be combined with the standard
first-line treatment cognitive behavioral therapy (CBT), has been
gaining recognition as a potential low-threshold and user- friendly
group of adjunct interventions for treating alcohol and substance use
disorders (Wiers et al., 2011). An advantage of CBM compared to
standard CBT is its flexibility, easy accessibility as well as high cost
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effectiveness since patients do not require meeting up with a therapist.
AUD is associated with cognitive biases that include a higher in-

clination to approach, than avoid, alcohol-related stimuli in behavioral
tasks such as the computerized implicit indirect AAT (Wiers et al.,
2015a, b; Wiers et al., 2015). AUD patients also tend to pull the joystick
faster than they push alcohol pictorial cues (as opposed to soft drink
pictorial cues), an approach bias that has been linked to both alcohol
craving and brain reactivity to alcohol cues in the amygdala and medial
prefrontal cortex (Wiers et al., 2015a, 2014). The AAT-based CBM
training of AUD patients is an implicit process that directs the in-
dividual how to avoid alcohol cues in the AAT by pushing them away.
When compared to placebo or no training, CBM training has shown to
lower alcohol craving and relapse rates (Eberl et al., 2013; Wiers et al.,
2015b, 2011; Wiers et al., 2015, 2010), and to reduce brain activation
in the amygdala during passive viewing of alcohol cues, associated with
reduced alcohol craving (Wiers et al., 2015b) and medial prefrontal
cortex brain activation on the AAT, associated with decreases in the
behavioral alcohol approach bias scores (Wiers et al., 2015a).

As behavioral interventions, both CBM and CBT utilize a set of be-
havioral intervention elements that aim to alter negative thoughts and
behavior patterns to treat mental health disorders, including addiction,
albeit using different approaches. CBT aims to target conscious re-
flective processes whereas CBM aims to target unconscious processes
(Wiers et al., 2016).

A recent Bayesian meta-analysis of individual patient data from 14
studies, investigating the clinical effectiveness of CBM in alcohol and
smoking addiction, shows promise in this technique yet also the need
for additional information on its effectiveness in AUD (Boffo et al.,
2019). Additionally, there are no studies investigating the possible al-
terations of physiological mechanisms following CBM interventions. In
the case of CBT, a relationship with inflammation has been suggested,
with the proinflammatory markers Interleukin (IL)-6, Tumor Necrosis
Factor alpha (TNF-α), and C Reactive Protein (CRP) being the most
commonly analyzed (Lopresti, 2017). This poses the hypothesis that
modifying inflammatory pathways plays a role in the mechanisms
contributing to the benefits of CBT for treatment of mental health dis-
orders such as depression (Lopresti, 2017). For instance, it has been
reported that following CBT, major depressive disorder (MDD) patients
showed an improvement in depressive symptoms together with a no-
table decrease in the proinflammatory marker levels, albeit the me-
chanism taking placeis yet unknown (Gazal et al., 2013; Moreira et al.,
2015). Furthermore, elevated proinflammatory cytokine concentrations
have also been associated with the pathophysiology of anxiety and AUD
(Crews and Vetreno, 2014; Felger, 2018; Renna et al., 2018). Changes
in the innate immune system play an important role in AUD-related co-
morbidities, which can induce mood disorders (Kelley and Dantzer,
2011). Studies have shown that the immune system is activated in the
brains of individuals with AUD, with chronic alcohol exposure resulting
in an increase in different proinflammatory markers (Crews et al., 2015;
Kelley and Dantzer, 2011).Acknowledging that acute neuroinflamma-
tion may not always be harmful, chronic neuroinflammation has a ne-
gative effect on the brain and may lead to different disorders and
complications (DiSabato et al., 2016). Additionally, despite these ob-
servations, the CBT-inflammation link is somewhat debatable, with
other studies showing no significant alterations in blood inflammatory
levels such as patient populations with depression, anxiety (Memon
et al., 2017), or with coronary heart disease (Olsson et al., 2018).
Therefore, to date, it remains unclear whether inflammatory pathways
may play a role as predictors and/or biomarkers of efficacy of cognitive
interventions in patients with mental health disorders (Lopresti, 2017).

It is unknown whether a relationship exists between inflammatory
pathways and the more novel behavioral intervention CBM in AUD
individuals. There are several reasons for addressing this question,
which was the overall aim of this study, specifically: 1) albeit not
without inconsistencies, the literature on MDD and anxiety briefly
summarized above support work on the potential link between certain

behavioral interventions and inflammatory pathways in other brain
disorders beyond mental health (Felger, 2018; Lopresti, 2017; Moreira
et al., 2015; Renna et al., 2018); 2) chronic alcohol use executes well-
known proinflammatory effects when compared to healthy controls
(Bell et al., 2017; Cannon et al., 2016; Crews and Vetreno, 2014; Imhof
et al., 2001; Kawaratani et al., 2013; Neuman et al., 2015); and 3) there
is growing evidence suggesting a role of peripheral and central in-
flammatory pathways in the development and maintenance of AUD
(Crews and Vetreno, 2014; Vetreno and Crews, 2014). Relevant to the
two latter points, heavy alcohol drinkers were reported to have sig-
nificantly elevated levels of the peripheral proinflammatory markers
(Bell et al., 2017; Crews and Vetreno, 2014; Imhof et al., 2001;
Kawaratani et al., 2013; Neuman et al., 2015) when compared to non-
drinkers.

The goal of this study was to conduct a preliminary investigation to
assess: 1) potential differences in proinflammatory (CRP, TNF-α, IL-6,
IL-18, IL-1β) biomarkers in AUD patients compared to healthy controls:
and 2) within AUD individuals, the potential effects of the Approach
Avoidance Task (AAT)-based CBM, on these specific peripheral proin-
flammatory biomarkers, which were selected due to their known ele-
vated levels in AUD individuals (Bell et al., 2017; Crews and Vetreno,
2014; Imhof et al., 2001; Kawaratani et al., 2013; Kiefer et al., 2002;
Neuman et al., 2015; Szabo and Saha, 2015).

2. Materials and methods

2.1. Study design and participants

This investigation is a secondary analysis of two studies performed
by Wiers and colleagues (Wiers et al., 2015a, 2014). Briefly, the two
parent studies employed a double-blind, randomized design testing
CBM versus a placebo-training control condition in AUD patients, and
healthy controls. The AUD sample was recruited from the Salus Clinic in
Lindow, Germany while the healthy controls were recruited via online
advertisements from the same region. Eligibility for this study required
AUD and healthy control patients to be abstinent from psychoactive
medication and other drugs for a minimum of 6 months prior to par-
ticipation, as determined by self-report with recent non-use confirmed
by urine drug screening. Exclusion criteria included history of neuro-
logical disorders, DSM-IV axis I psychiatric disorders other than alcohol
dependence, and> 4 months abstinence from alcohol prior participa-
tion. Smokers were abstinent from tobacco for at least 90min prior to
sessions. All participants were financially compensated for participa-
tion.

The plasma samples of 18 male healthy controls and 36 male AUD
patients, the latter of which 19 underwent CBM training and 17 un-
derwent placebo training, were analyzed in this study. AUD patients
were randomly assigned to receive CBM or placebo training. All groups
were matched for age and Body Mass Index (BMI), since BMI and
obesity have been associated with inflammation (Park et al., 2010). The
data for healthy controls and AUD patients are summarized in Table 1.
The number of smokers versus non-smokers for the different groups was
as follows: CBM (15 vs 4), placebo (15 vs 2), and healthy controls (6 vs
12), respectively. For additional information on the study participants
and design, one can refer to the parent studies (Wiers et al., 2015a,
2014).

The parent studies were approved by the Ethical Committee of the
Charité- Universitatsmedizin Berlin and participants were enrolled after
providing written informed consent. The secondary analysis, described
here, used fully de-identified data and samples from the parent studies,
and transferred to the National Institutes of Health (NIH) after review
and determination (# 13,344) of exclusion from Institutional Review
Board review, as determined by the NIH Office of Human Subjects
Research Protections.
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2.2. Approach-avoidance task (AAT) at pretest and Posttest

The AAT was used to measure approach bias before and after
training. The patient was required to respond to the format of the cue
(portrait or landscape; i.e. irrelevant feature task) by pulling or pushing
pictures with a joystick within 2 s, which resulted in the decrease or
increase of cue size, respectively. Reliability scores of the irrelevant
feature AAT have been reported as acceptable (Cousijn et al., 2011;
Rinck and Becker, 2007). In both pre- and post-tests, patients performed
20 practice trials before undergoing 80 test trials (20:20 alcohol
push:pull; 20:20 soft drink push:pull) that were presented over 2 blocks.
A counterbalanced approach was used for picture format to response
assignment (Wiers et al., 2015b).

2.3. Cognitive Bias modification (CBM) training

This was a modified version of the AAT, where each training session
consisted of 400 trials (equal alcohol and soft drink cues) lasting around
15min. Both experimental CBM (90:10 alcohol push:pull; 10:90 soft
drink push:pull) and placebo (50:50 push:pull for both drink types)
groups underwent 6 training sessions over a 3-week period (i.e. 2
training sessions per week), which was found to be the optimal number
of sessions for clinical efficacy of CBM (Eberl et al., 2014). Training
involved the use of 20 cues (10:10 alcohol:soft drink). Additional in-
formation on test assessment has been detailed in the parent studies
(Wiers et al., 2015a, 2014). All AUD participants included in this study
performed the required 6 training sessions.

2.4. Blood collection and assay analysis

Fasting ethylenediaminetetraacetic acid (EDTA) blood samples were
taken directly after the pre- and post-AAT test sessions for the AUD
groups, and during an outpatient appointment with the healthy control
group. Blood collection was performed around the same time of the day
in order to limit any confounding circadian changes in proinflammatory
marker levels. Blood samples were centrifuged, and plasma aliquots
were collected and stored at −80 °C. Plasma levels of IL-1β, IL-6, IL-18,

TNF-α, and CRP were quantified by ProteinSimple Simple Plex Ella
Immunoassay per manufacturer instructions (ProteinSimple,
Wallingford, CT) (Aldo et al., 2016). Plasma samples were thawed on
wet ice, agitated using a vortex mixer, and centrifuged again at 3000 g
for 10min at 4 °C to separate out lipid content from the plasma. Sam-
ples were diluted 1:2 for IL-18 and TNF-α, and 1:2000 for CRP. Fifty μL
of diluted sample was loaded into the Ella Simple Plex Immunoassay
cartridge. The cartridge was run using provided ProteinSimple Ella
software and equipment per manufacturer instructions (Aldo et al.,
2016). Investigators performing the assay analysis were blinded to the
study group the participants were in.

2.5. Statistical analysis

Baseline cytokine values were compared between the AUD and the
healthy subjects using the Wilcoxon rank-sum test. To assess the effect
of CBM on the AUD patients’ proinflammatory status, the Wilcoxon
rank-sum test was used to compare the change from pretest to posttest
between the CBM and the placebo groups. Furthermore, the Wilcoxon
signed rank test was performed to evaluate the pre-post change for each
group separately. Nonparametric tests were used considering the small
sample size and non-normal distributions of the data. The level of sig-
nificance of 0.05 was chosen for this exploratory study. Effect sizes (ES)
between CBM and the placebo training were calculated using the
method proposed by Acion and colleagues (Acion et al., 2006).This ES
measures the chance of a treated subject having better response than a
placebo subject, with 0.5 indicating equally effective groups. Analyses
were performed in SAS 9.3 (SAS Institute, Cary NC), whereas graphs
were produced using GraphPad Prism 8.0 software (GraphPad, San
Diego CA).

3. Results

There were significantly higher plasma levels of TNF-α
(P<0.0001) and CRP (P = 0.0031) in the AUD patient group when
compared to the healthy controls’ cohort, whereas no significant
changes were observed in IL-18 levels (P= 0.56) (Table 2; Fig. 1A–C).

Table 1
Demographic and clinical data of male healthy controls and male AUD patients in the CBM and placebo training group.

Healthy controls (n= 18) AUD Patients (n= 36)

CBM (n = 19) Placebo (n =17)

Characteristic Mean SD Mean SD Mean SD

Age (years) 43.0 9.08 44.8 6.44 41.7 7.93
BMI 24.6 2.33 27.1 4.76 26.3 5.21
Length of abstinence (days) 71 121.5 61 48.2
Alcohol Dependence Scale 19 8.1 14 4.5

AUD=alcohol use disorder; CBM= cognitive bias modification; SD= standard deviation; BMI= body mass index.

Table 2
Median and interquartile intervals of plasma IL-18, TNF-α, and CRP levels of healthy controls versus AUD patients and of AUD patients pre- and post-intervention.

CBM Placebo

Healthy controls AUD (total) p-Value Pre-test Post-test p-Value Pre-test Post-test p-Value

IL-18 (pg/ml) 316.3
(232.7-384.1)

361.0
(260.2-425.7)

0.56 340.9
(213.9-451.3)

303.9
(145.4-396.8)

0.94 380.2
(274.5-435.0)

398.2
(303.9-419.5)

0.73

TNF-α (pg/ml) 4.9
(3.8-5.8)

7.4
(5.8-9.5)

< 0.0001 6.9
(5.7-8.8)

7.4
(6.4-9.8)

0.30 9.0
(6.8-10.3)

7.3
(6.1-8.5)

0.13

CRP (mg/ml) 1.1
(0.9-1.9)

3.5
(2.0-8.9)

0.0031 3.4
(2.4-9.7)

4.9
(1.6-8.2)

0.83 2.4
(1.4-11.6)

4.4
(0.6-9.2)

0.97

All P values were>0.05.
CBM= cognitive bias modification; AUD=alcohol use disorder; IL-18 = interleukin 18; TNF-α = tumor necrosis factor alpha; CRP =C-reactive protein.
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In certain instances, the proinflammatory marker analyzed was lower
(IL-18, TNF- α) or higher (CRP) than the detectable threshold, resulting
in a different number of participants analyzed per graph. We performed
an additional analysis where values that were lower (LLQ) or higher
(ULQ) than the detection limit were considered as ½ value, though no
overall change of the results was noted (data not shown). We were
unable to determine the plasma level concentrations of IL-1β and IL-6 in
any group since they fell below LLQ, therefore these two cytokines were
not included in the final analyses.

Next, we analyzed whether there were any differences in the per-
ipheral concentrations of the proinflammatory markers tested here in
the CBM versus placebo groups. There were no significant differences in
the CBM versus placebo pre-post change in either IL-18 (P = 0.87),

TNF- α (P = 0.10), or CRP (P = 1.00) (Fig. 2A–C). Additionally,
within-group pretest-posttest analysis following either CBM or placebo
treatment did not result in any significant changes in IL-18 (CBM P =
0.94; Placebo P= 0.73), TNF-α (CBM P= 0.30; Placebo P= 0.13), or
CRP (CBM P= 0.83; Placebo P= 0.97) (Table 2; Fig. 2A–C). The effect
sizes between CBM and placebo for these three cytokines are 0.52, 0.69,
and 0.50, respectively.

4. Discussion

To the best of our knowledge, this is the first investigation of
whether a cognitive behavior approach, namely CBM-training, as
compared to matched placebo training, results in changes in peripheral

Fig. 1. Plasma concentrations of pro-inflammatory markers in the healthy control group and AUD patient group. A) Plasma IL-18 concentrations in pg/ml (Healthy
controls: n= 18; AUD group: n=31); B) Plasma TNF-α concentrations in pg/ml (Healthy controls: n= 16; AUD group: n= 31); C) Plasma CRP concentrations in
mg/L (Healthy controls: n= 18; AUD group: n= 28). Individual data points of participants were plotted with the calculated median with 95% confidence interval
(CI).
** indicates P<0.01, **** indicates P<0.0001 (Wilcoxon ranked sum test).
AUD=alcohol use disorder; IL-18 = interleukin 18; TNF-α = tumor necrosis factor alpha; CRP=C-reactive protein.

Fig. 2. Plasma concentrations of pro-inflammatory markers before and after CBM and Placebo treatment in AUD participants. A) Plasma IL-18 concentrations in pg/
ml (Pre-CBM: n= 16; Post-CBM: n= 16; Pre-placebo: n=12; Post-placebo: n=12); B) Plasma TNF-α concentrations in pg/ml (Pre-CBM: n= 16; Post-CBM:
n= 16; Pre-placebo: n= 12; Post-placebo: n=12); C) Plasma CRP concentrations in mg/L (Pre-CBM: n= 13; Post-CBM: n= 13; Pre-placebo: n=11; Post-placebo:
n= 11). Individual data points of participants were plotted with the calculated median with 95% confidence interval (CI).
CBM= cognitive bias modification; AUD=alcohol use disorder; IL-18 = interleukin 18; TNF-α = tumor necrosis factor alpha; CRP=C-reactive protein.
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proinflammatory biomarkers in AUD patients. We started by assessing
whether there were any differences in the levels of selected proin-
flammatory markers between AUD patients and healthy controls.
Unfortunately, we were unable to obtain the plasma level concentra-
tions of IL-1β and IL-6 in any group since they fell below LLQ.
Consistent to published literature (Bell et al., 2017; Crews and Vetreno,
2014; Imhof et al., 2001; Kawaratani et al., 2013), the AUD group had
higher blood concentrations of CRP and TNF-α as compared to the
healthy controls. The elevated proinflammatory marker level difference
was expected and consistent with the knowledge that chronic alcohol
initiates the inflammatory cascade, the consequences of which hold
important clinical value. Alcohol-induced inflammation, a process in-
itiated from the gut as a result of it being the first line of contact, is
arguably one of the root causes of a list of organ dysfunctions and
disorders such as certain cancers, as well as chronic liver and neuro-
logical diseases (Bishehsari et al., 2017; Vetreno and Crews, 2014).
Increased CRP levels are widely used inflammatory biomarkers, such as
to detect an increased risk of coronary events (Bell et al., 2017;
Kosmidou et al., 2019), chronic inflammatory diseases, including
rheumatoid arthritis (Urman et al., 2018), and recently a suggested
biomarker for numerous adult solid tumors (Shrotriya et al., 2018).
Similarly, elevated TNF-α has been connected to several neurological
and inflammatory disorders (Crews and Vetreno, 2014; Thilagar et al.,
2018), whereas the proinflammatory cytokine IL-18 has been asso-
ciated with heart disease (O’Brien et al., 2014), cancer, autoimmunity,
and inflammatory- mediated conditions (Esmailbeig and Ghaderi,
2017). Despite the median value of IL-18 being lower in the healthy
controls than the AUD group, we did not observe any significant dif-
ferences, suggesting that the magnitude of the difference for IL-18 be-
tween AUD individuals and controls is weaker compared to CRP and
TNF-α.

Subsequently, we investigated whether there were any significant
alterations in peripheral proinflammatory marker levels following CBM
and placebo training. We had anticipated that the reported efficacy of
CBM-trained patients would be in part due to a reduction in the selected
proinflammatory marker levels, however plasma concentrations of IL-
18, TNF-α, and CRP in the AUD patient group following CBM-based
therapy did not result in any changes when compared to pre-test values
or to the placebo treatment. Previously published data involving the
same set of participants showed that CBM training led to a decrease in
alcohol cue-induced amygdala activity when compared to the placebo
group (Wiers et al., 2015b). Despite this clear effect on neural cue re-
activity and significantly reduced craving, together with a correlation
on behavioral effects on arousal ratings following CBM training, the
interaction effect of group by time on approach bias fell short of sig-
nificance (Eberl et al., 2013; Wiers et al., 2011, 2010). The authors
addressed this lack of effect to be likely due to the small patient sample
size, the reasoning of which may be extended to this present study. It
should also be taken into account that not all AUD patients suffer from
alcohol-associated pathologies, and those that do have varying degrees
of disease severity depending on multiple factors, including individual
traits, as well as external modifiable factors (Bishehsari et al., 2017),
therefore resulting in a high heterogeneity of the patients’ phenotypes
and high variability on peripheral biomarkers, including cytokines.

It is important to note that this study was not specifically tailored
for this investigation since this is a secondary analysis. As a result, there
are additional limitations that may have affected the results obtained,
as well as identified factors that may lead to a more comprehensive
assessment in recognizing whether CBM-led training aids in the nor-
malization of the altered proinflammatory axis. For example, in a recent
study, male AUD patients were found to have significantly lower
plasma cytokine concentrations, including TNF-α, 4 weeks following
alcohol abstinence when compared to baseline levels, yet remained
high enough to be significantly different from the healthy control group
(Yen et al., 2017). This observation is in line to what we have en-
countered between total AUD patients and healthy controls,

considering that the AUD cohort of this study was abstinent for a longer
period than the study by Yen and colleagues (Yen et al., 2017). In this
study, we did not have a proper baseline value since the participating
AUD patients did not initiate their abstinence to alcohol on the first day
of the study. Thus, for future studies it would be ideal to assess whether
CBM training has an effect on the inflammatory axis in AUD subjects
that have not been abstinent from alcohol prior study initiation.

The length of abstinence prior to participation may have also af-
fected the blood concentrations of the selected proinflammatory mar-
kers, as both AUD patient groups had a mean duration of abstinence of
more than a month. This abstinence may also explain why we did not
observe a significant change between IL-18 concentrations of the
healthy control group and AUD patient group. The brief three-week
CBM intervention could also be questioned, since the longer (seven
weeks) CBT performed in MDD patients resulted in significant reduc-
tions in cytokine serum levels (Moreira et al., 2015). CBM targets im-
plicit biases related to alcohol use (Wiers et al., 2015a) while CBT uses
explicit processes to alter distorted cognitions, challenge longstanding
beliefs using behavioral experiments etc., in an effort to support more
functional patterns of thought and behavior across many life contexts
(David and Szentagotai, 2006). It may be that CBT's effects on the
immune system that were reported by Moreira and colleagues (Moreira
et al., 2015) are due to these explicit modifications to thoughts and
behavior having a pervasive impact across a patient's life, whereas CBM
interventions may be more specific to implicit alcohol- related behavior
only. An interesting factor in the study by Moreira and colleagues was
that the participating patients were under no current psychological,
psychiatric, or psychoactive substances; thus, no therapies directed at
proinflammatory alterations at the start of the protocol. This present
study also required that patients were free of psychoactive medication
and other drugs, however, as previously discussed, being abstinent from
alcohol for days/weeks prior to study commencement may have af-
fected the pathology of alcohol-induced inflammation.

Another limitation to this study, was that we were unable to control
for participants that were also smokers. Different studies have shown
the link between cigarette smoking and the modulation of in-
flammatory processes (Lee et al., 2012; Strzelak et al., 2018), and we
cannot exclude that part of the elevated inflammatory markers ob-
served in this study may be also due to the participant’s smoking habits.

An alternative explanation for the results of this study is that any
changes in cytokine levels were masked due to all AUD patients being
analyzed as one homogenous group. A recent study by Hanak and
colleagues indicated notable differences in pro-inflammatory status
following a 21- day alcohol detoxification exercise when a hetero-
geneous group of alcoholic patients were subdivided into sub-groups
according to a classification named Lesch typology (Hanak et al., 2017).
Briefly, the Lesch typology is divided into 4 groups, according to the
origin of craving: (1) craving cause by alcohol, (2) craving caused by
stress, (3) craving caused by mood, and (4) craving caused by com-
pulsion. Beyond that specific classification, therapeutic approaches to
enhance relapse prevention in AUD patients, tailored according to
specific sub-types (Leggio et al., 2009) and psychotherapeutic ap-
proaches such as CBM-based therapies, may be effective depending on
the heterogenic subgroup. It is also important to assert that the parent
study (Wiers et al., 2015a) assessed craving as a clinical outcome
measure and was not powered to detect between- group differences in
relapse that were found by Wiers et al., 2011 and Eberl et al., 2013
(Eberl et al., 2013; Wiers et al., 2011).

The study was performed in male alcohol-dependent patients only
to minimize confounding factors [e.g. previous studies have shown
gender effects in neurobiological reactivity to alcohol stimuli (Seo et al.,
2011) and effects of CBM on relapse (Eberl et al., 2013; Wiers et al.,
2011). This is of course a significant limitation that leads to the lack of
generalizability of results to females. Future studies are necessary to
test whether CBM has comparable effects in female patients.
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5. Conclusions

To summarize, we found that, despite being abstinent from alcohol
prior to study commencement, both peripheral levels of TNF-α and CRP
of AUD patients were still significantly higher than the healthy control
group. Following chronic and excessive alcohol drinking, it may take
weeks or even months for numerous physiological processes to return to
the non-drinking basal state. No changes in IL-18, TNF-α, or CRP
plasma concentrations were present following CBM treatment, however
addressing the aforementioned limitations as well as analyzing a wider
array of inflammatory markers may lead to a more conclusive assess-
ment of the role of inflammatory pathways in CBM and associated
psychotherapies. To conclude, there is a rapidly growing interest in
modified versions of cognitive therapy due to its efficacy in the field of
alcohol misuse. Identifying the underlying mechanisms of such thera-
pies aid in the improvement of such techniques. More in-depth studies
on the neuroimmunological and pathophysiological alterations, such
psychological therapies, are crucial, especially for the personalized
treatment of AUD patients.
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