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A B S T R A C T

The orexigenic hormone ghrelin is involved in the regulation of food intake and energy balance. Previous
findings suggest its involvement in the modulation of mesolimbic reward pathways, thus potentially being re-
levant in the pathophysiology of substance use disorders such as alcohol dependence. In the present study, we
assessed plasma levels of total and acylated ghrelin within the BACLAD trial, where alcohol-dependent patients
received individually titrated high-dose baclofen (30–270mg/d) within a randomized, placebo-controlled de-
sign. Plasma levels of total ghrelin and acylated ghrelin were measured at baseline, during treatment with
individually titrated high-dose baclofen and after termination of the study medication within a timeframe of up
to 20 weeks. Multivariate longitudinal non-parametric analysis revealed that plasma levels of total ghrelin
significantly decreased in the group of abstinent patients receiving high-dose baclofen. In addition, plasma levels
of total ghrelin correlated negatively with days of abstinence during treatment with high-dose baclofen. Plasma
levels of acylated ghrelin increased during the study in the group of relapsed patients under baclofen and pla-
cebo treatment. These findings suggest that the long-term response to baclofen treatment in alcohol use disorder
(AUD) might be monitored by assessing total and acylated ghrelin plasma levels.

1. Introduction

Ghrelin is an orexigenic proteo-hormone, which is secreted by en-
tero-endocrine cells of the stomach (Cummings et al., 2001; Tschop
et al., 2001). A proteolytical cleavage and acetylation converts pre-
proghrelin to biologically active ghrelin (Banks et al., 2002; Cummings
et al., 2001). Only acylated ghrelin is able to cross the blood-brain
barrier (Arora and Anubhuti, 2006; Kojima et al., 1999; Tschop et al.,
2000), and to modulate food intake and energy balance via growth-
hormone secretagogue receptors in the hypothalamus and stimulation
of the production of neuropeptid Y and agoutirelated protein (AGP)
(Banks et al., 2002). The acylated form of ghrelin has been found to
increase food intake, body weight (Arora and Anubhuti, 2006;
Cummings et al., 2001; Wren et al., 2000) and plasma glucose levels
(Hagemann et al., 2003).

Various studies indicate that ghrelin is involved in the regulation of
mesolimbic pathways (Figlewicz et al., 2003; Hommel et al., 2006).
Among other molecules, it modulates dopaminergic transmission

(Abizaid et al., 2006) not only in food intake related pathways
(Narayanan et al., 2010; van Zessen et al., 2012) but also in alcohol use
disorder (AUD) (al'Absi et al., 2014; Kiefer et al., 2001; Koopmann
et al., 2015; Koopmann et al., 2018; von der Goltz et al., 2010). With
regard to AUD, there is growing evidence that ghrelin is also involved in
the regulation of alcohol intake. However, findings are inconsistent,
possibly related to varying states of alcohol use of the subjects included
(Gomez et al., 2015; Gomez and Ryabinin, 2014; Jerlhag, 2008; Jerlhag
et al., 2014; Lyons et al., 2008; Schneider et al., 2007). Preclinical
studies suggest that exogenous ghrelin application might stimulate al-
cohol consumption (Gomez et al., 2015; Gomez and Ryabinin, 2014;
Jerlhag et al., 2011; Kaur and Ryabinin, 2010; Stevenson et al., 2016).
Furthermore, ghrelin and particularly acylated ghrelin plasma levels in
patients with AUD seem to be positively associated with craving for
alcohol (Addolorato et al., 2006a; Hillemacher et al., 2007; Koopmann
et al., 2012; Leggio et al., 2012; Leggio et al., 2014; Suchankova et al.,
2016a,b; Wurst et al., 2007). Leggio et al. found that ghrelin adminis-
tration in severely affected alcohol-dependent patients led to increased
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craving for alcohol, whereas no such effect was found for the desire of
consuming food or drinking juice (Leggio et al., 2012). Koopmann et al.
reported elevated plasma levels of acylated ghrelin in patients with
AUD between day 1 and 14 of detoxification treatment
(Koopmann et al., 2012). The same group also found significantly de-
creased levels of acylated ghrelin and craving in alcohol-dependent
patients who drank 1 liter of water after alcohol cue exposure, whereas
no such effect was observed in a control group. Recent studies reported
higher alcohol consumption after ghrelin infusion in patients with se-
vere AUD (Farokhnia et al., 2017) as well as an association of fasting
serum ghrelin levels and alcohol intake in non-dependent subjects
(Wittekind et al., 2018). Lee et al. performed a phase 1b human study
with a novel ghrelin receptor inverse agonist and found that this
compound reduced craving for alcohol when co-administered in pa-
tients with AUD (Lee et al., 2018). Thus, ghrelin secretion might re-
present a potential treatment target for AUD (Koopmann et al., 2017).

Ghrelin secretion is known to be modulated by the inhibitory neu-
rotransmitter gamma-aminobutyric acid (GABA) (Ataie et al., 2013;
Cruz et al., 2013; Jonaidi et al., 2012). GABA was also found to be
involved in the regulation of appetite and food intake (Bonaventura
et al., 2012; Delgado, 2013; Ebenezer and Baldwin, 1990; Stratford and
Kelley, 1997) as well as in modulation of AUD (Koob, 2006) via iono-
tropic GABA-A or GABA-A-rho and particularly metabotropic GABA-B
receptors (Roberto et al., 2003; Watanabe et al., 2002; Weiner and
Valenzuela, 2006). GABA-B receptor agonists have been shown to
modulate alcohol-related behaviors (Agabio and Colombo, 2014;
Brown et al., 2015; Filip et al., 2015; Mirijello et al., 2015). Clinical
studies on the topic, as the “Baclofen for the Treatment of Alcohol
Dependence” (BACLAD) study, found the selective GABA-B receptor
agonist baclofen to be effective in the maintenance of abstinence in
AUD (Addolorato et al., 2006b, 2011; Müller et al., 2015), although
also null results were reported (Rose and Jones, 2018). Taken together,
ghrelin secretion might be an important modulator of AUD. The fact
that secretion of ghrelin is also influenced by GABA-B receptors, which
play an important part in the pathophysiology of AUD, led to our cur-
rent hypothesis that the GABA-B receptor agonist baclofen might alter
ghrelin secretion in patients with AUD and hereby influence the
maintenance of abstinence. In the present study, we aimed to in-
vestigate ghrelin plasma levels during the BACLAD trial, where total
and acylated ghrelin were measured at 3 timepoints in currently ab-
stinent alcohol-dependent patients receiving individually titrated high-
dose baclofen or placebo (Müller et al., 2015).

2. Material and methods

This study was conducted within the “Baclofen for the Treatment of
Alcohol Dependence (BACLAD)” trial (Müller et al., 2015) at the out-
patient unit of the Department of Psychiatry and Psychotherapy at the
Campus Charité Mitte of the Charité – Universitätsmedizin Berlin. Fifty-
six patients were recruited from our in- and outpatient department as
well as by spontaneous referral at the study site. Inclusion criteria for
men and women were: (a) age of ≥18 and <65 years; (b) diagnosis of
alcohol dependence according to ICD-10 (WHO, 1994) and DSM-IV-TR

(APA, 2000), (c) an alcohol consumption of at least 2 heavy drinking
days per week on average (men ≥5 drinks per day; women ≥4 drinks
per day; 1 standard drink is equal to 12 g absolute alcohol) and an
average overall alcohol intake of 21 drinks per week or more for men
and 14 drinks per week or more for women during the 4 weeks before
detoxification; (d) a completed in- or outpatient detoxification before
randomization; (e) last alcohol consumption within 7–21 days before
randomization; and (f) sufficient German language skills. Exclusion
criteria were a) significant medical, other psychiatric (axis I diagnoses
besides alcohol or nicotine dependence), or neurological conditions,
epilepsy or epileptiform convulsions; b) current treatment with psy-
chotropic drugs that could affect study outcome (i.e. sedatives, anti-
depressants, antipsychotics, anticonvulsants and alcohol relapse pre-
vention with acamprosate, disulfiram, or naltrexone); c) intolerance to
baclofen; d) pregnancy and/or currently breastfeeding; e) terminal
renal failure; f) gastrointestinal ulcera; g) alanine aminotransferase
(ALAT) or aspartate aminotransferase (ASAT) values 5 times the upper
normal limit, bilirubin >1.9mg/dl, International Normalized Ratio
(INR) >1.6; and h) treatment mandated by a legal authority. The study
was conducted in accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice and approved by the local ethics
committee (substudy), the ethics committee of the state of Berlin
(Landesamt für Gesundheit und Soziales Berlin) and the Federal In-
stitute for Drugs and Medical Devices (Bundesinstitut für Arzneimittel
und Medizinprodukte, BfArM). Written informed consent was obtained
from all participants, please also see (Müller et al., 2015).

The 24-week, randomized, double-blind, placebo-controlled trial
consisted of four intervals, i.e., the titration phase (up to 4 weeks, de-
pending on the individually tolerated high-dose), high-dose phase (12
weeks), tapering phase (up to 4 weeks) and follow-up (4 weeks after
termination of study medication). The full report of this study is shown
elsewhere (Müller et al., 2015). Plasma concentrations of total ghrelin
and acylated ghrelin were measured at baseline (t0), two weeks after
reaching individually titrated high-dose treatment with baclofen/pla-
cebo (t1) and after termination of study medication (t2), up to 14 weeks
after t1. The trial profile is shown in Fig. 1, which was also published in
Geisel et al. (2016).

2.1. Assessments

Assessments were performed as described previously in
Müller et al. (2015). Patients with AUD were administered Visual
Analogue Scale of Craving (VASC) (Mottola, 1993), Obsessive Com-
pulsive Drinking Scale (OCDS) (Anton et al., 1995), Hamilton Depres-
sion Scale (HAMD) and Alcohol Dependence Scale (ADS) as described
in Müller et al. (2015). The VASC consists of a continuous horizontal
line with 100mm length and two endpoints [no desire (0) to very
strong desire (100)] for the question “How strong is your desire for
alcohol right now?”.

The OCDS is a 14-items self-report instrument, which rates fre-
quency of thoughts about drinking, efforts to resist / distress caused by
those thoughts as well as frequency and intensity of drinking via a 0 “no
symptoms” to 4 “marked symptoms” scale (Anton et al., 1995).

Fig. 1. Trial profile. Trial profile of the study with the timepoints of measurement t0–t2. Timepont t0: baseline; timepoint t1: 2 weeks after reaching individual high-
dose; timepoint t2: end of medication phase.
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2.2. Hormone assays

All blood samples were obtained by venipuncture at 9 a.m. after
overnight fasting, were anti-coagulated with sodium EDTA (1mg/ml
whole blood), and then immediately cooled on ice (Geisel et al., 2016,
2015).

Plasma was separated in a centrifuge at 4000 g, and the aliquots
were then immediately frozen and stored at −80°C until the time of
analysis. Hormonal analyses were performed in the Neurobiology Lab
of the Department of Psychiatry at the University Medical Center,
Hamburg (KW).

The plasma concentration of total and acylated ghrelin were mea-
sured using radioimmunoassay techniques (DRG Instruments, Marburg,
Germany) with the detection limit set to 105 pg/ml for total and 15 pg/
ml for acylated ghrelin. The inter-assay coefficient of variation was less
than 14%; the intra-assay coefficient was less than 10%, respectively.

2.3. Statistics

Nonparametric tests were used for statistical analyses since sample
sizes were small. Differences of hormone blood levels were determined
by Kruskal-Wallis tests, Mann Whitney U tests for paired samples.
Nonparametric multivariate analysis of longitudinal data in a two-fac-
torial design (1st factor: treatment, 2nd factor: time) was applied for
ghrelin plasma levels comparison over time across groups [nonpara-
metric MANOVA], after adjusting for baseline measurements. A two-
tailed p-value<0.05 was considered statistically significant. Hereby,
relative effects of ghrelin plasma levels alterations were calculated for
abstinent and relapsed patients in the baclofen vs. placebo group.
Relative effects (measured in a scale between 0 and 1, according to a
probability) show ghrelin alterations in the different study groups re-
lative to the other groups. Correlations were analyzed by Spearman's
Rho. Statistical analyses were performed using IBM SPSS Statistics
version 25 (SPSS Inc., Chicago, USA).

3. Results

The trial profile, as published by Geisel et al. (2016) and
Müller et al. (2015) is presented in Fig. 1. Median and percentiles of
plasma levels of total ghrelin and acylated ghrelin are presented in
Table 2 for the baclofen and placebo group and in Table 3 for abstinent
and relapsed patients of both treatment groups. Differing sample sizes
were due to missing blood samples in some cases. For socio-
demographic and clinical parameters please see Table 1, as already
published in Müller et al. (2015) and Geisel et al. (2016). There were no
significant differences in sociodemography or clinical features in the
baclofen treatment group compared to placebo, especially concerning
sex and smoking status (p>0.05, see Table 1). Total ghrelin plasma
levels correlated negatively with BMI at timepoint t0 (baseline)
(n=53, Spearman's-Rho=−0.476, p=0.0001), acylated ghrelin
plasma levels and total ghrelin in t1 and t2 did not correlate with BMI
or other sociodemographic and clinical variables (p>0.05). Abstinent
and/or relapsed patients receiving baclofen or placebo did not differ in
BMI (Mann Whitney U test, p>0.05). Furthermore, neither significant
changes of absolute plasma levels of total and acylated ghrelin nor
associations to clinical and sociodemographic parameters have been
found (Mann-Whitney U test, p>0.05, Spearman's Rho, p>0.05) be-
side those described in the following paragraph.

Multivariate non-parametric analysis for longitudinal data in a two-
factor based design revealed that there was a significant relative de-
crease of plasma levels of total ghrelin over time in the baclofen and
placebo group (p=0.001); this relative decrease of total ghrelin plasma
levels was significantly higher in the patient group receiving baclofen
(p=0.00001). In a comparison of abstinent and relapsed subjects in
the baclofen/placebo group, the relative decrease of plasma levels of
total ghrelin over time was highest in the group of abstinent patients

receiving baclofen (p=0.004, see Fig. 2). Furthermore, total ghrelin
plasma levels at timepoint t1 correlated negatively with days of ab-
stinence (n=19, Spearman's Rho=−0.512, p=0.025) in the ba-
clofen group, indicating longer abstinence with lower total ghrelin
plasma levels during treatment with high-dose baclofen. There were no
other significant correlations of total and acylated ghrelin plasma levels
in the baclofen or placebo group with VASC, OCDS or ADS and HAM-D
scores, baclofen blood levels or other clinical variables (Spearman's
Rho, p>0.05). Multivariate non-parametric analysis did not reveal
associations between acylated or total ghrelin plasma levels and brain-
derived neurotrophic factor serum levels (p>0.05).

Multivariate non-parametric analysis for longitudinal data in a two-
factor based design showed that plasma levels of acylated ghrelin in-
creased significantly during the study (p=0.0001) in relapsed subjects
under baclofen treatment, whereas no such effect was found in ab-
stinent patients both under baclofen or placebo treatment (see Fig. 3).
Plasma levels of acylated ghrelin were significantly higher at timepoint
t2 in relapsed subjects of the baclofen group (see Table 3,
median= 44 ng/ml, Kruskwal-Wallis test, p=0.046) compared to all
other study groups (abstinent patients receiving baclofen median= 17,
abstinent and relapsed patients in the placebo group, both
median= 15 ng/ml). At timepoint t1, acylated ghrelin plasma levels
were in trend higher in the placebo group (median= 18 ng/ml) com-
pared to the baclofen group (see Table 2, median=15 ng/ml, Mann
Whitney U test for paired samples, p=0.082). Furthermore, we per-
formed a multivariate analysis of total and activated ghrelin plasma
levels during the study controlled for BMI, sex, smoking status and age,
which did not reveal any different finding.

4. Discussion

Our present investigation was conducted within the BACLAD study
by Müller et al. (2015), where high-dose baclofen treatment was found
to be effective for the maintenance of abstinence in patients with AUD.
Our study revealed significant alterations in both, total and acylated
ghrelin plasma levels during the trial. Total ghrelin plasma levels de-
creased significantly over time in abstinent patients during treatment
with high-dose baclofen. Even though decreasing levels of total ghrelin
were observed in all study groups, the effect was stronger under high-
dose baclofen treatment and most pronounced in the sub-group of ab-
stinent patients. Furthermore, total ghrelin plasma levels correlated

Table 1
Sociodemographic characteristics of the study participants, as published by
Geisel et al. (2016) and Müller et al. (2015).

Characteristics Placebo Baclofen p value

Sex [n (%)]
Male 19 (67.9) 20 (71.4) >0.05
Female 9 (32.1) 8 (28.6)

Age (years) [mean ± SD (range)] 45.6 ± 7
(29–64)

47.4 ± 7
(32–59)

>0.05

Smoker [n (%)] 18 (64.3) 17 (60.7) >0.05
Duration of hazardous alcohol

consumption (years)
[mean ± SD (range)]

11.5 (7.3) 13.9 (10.1) >0.05

Alcohol consumption before
inclusion (gram per day)
[mean ± SD (range)]

191.6 (94.8) 206.2 (94.1) >0.05

Height (m) [mean ± SD] 1.77 ± 0.08 1.73 ± 0.08 >0.05
Weight (kg) [mean ± SD] 77.6 ± 13.8 71.8 ± 12.3 >0.05
Body Mass Index (BMI, kg/m2)

[mean ± SD]
24.9 ± 4.0 23.8 ± 4.0 >0.05

Glucose blood levels (mg/dl)
[mean ± SD]

81 ± 13.5 82.3 ± 12.3 >0.05

Differences in sociodemographic characteristics of the study participants were
calculated by using the Exact Mann Whitney U Test and Fisher's exact test. No
significant difference was found. SD: standard deviation.
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negatively with days of abstinence in patients under high-dose baclofen
treatment indicating that subjects with lower total ghrelin plasma levels
under high-dose baclofen treatment were longer abstinent during the
trial. Plasma levels of acylated ghrelin rose highest in relapsed patients
under high-dose baclofen but were in trend higher during placebo than
during baclofen treatment.

Abstinent patients under high-dose baclofen treatment were con-
sidered as responders to the medication. We hypothesize that a decrease
of total ghrelin plasma levels during treatment with high-dose baclofen

might indicate a longer abstinence duration. Vice versa, an increase of
acylated ghrelin might be associated with a higher relapse risk. Thus,
repeated measurements of both forms of ghrelin might potentially be
useful for treatment-response monitoring in patients with AUD re-
ceiving baclofen.

However, findings of other studies are equivocal regarding the
course of ghrelin plasma concentrations and outcome. In contrast to our
findings, a study by Kim et al. revealed that patients with AUD, who
were abstinent for at least 4 weeks or longer had higher ghrelin plasma

Fig. 2. This figure shows relative effects of alterations of total ghrelin plasma levels in abstinent and relapsed patients in the baclofen/placebo treatment group,
calculated by multivariate non-parametric statistics in a longitudinal design. Y-axis represents probability (p). All study groups showed a significant decrease of total
ghrelin plasma levels (p=0.003). The decrease was especially prominent in the group of abstinent patients under high-dose baclofen treatment (p=0.004).

Fig. 3. This figure shows relative effects of alterations of acylated ghrelin plasma levels in abstinent and relapsed patients in the baclofen/placebo treatment group,
calculated by multivariate non-parametric statistics in a longitudinal design. Y-axis represents probability (p). Plasma levels of acylated ghrelin increased sig-
nificantly over time in the group of relapsed patients under high-dose baclofen treatment (p=0.000).
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levels than healthy controls and that ghrelin plasma levels correlated
positively with the duration of abstinence (Kim et al., 2005). Kraus
et al. showed that ghrelin plasma levels were higher in healthy controls
than in either active drinking patients with AUD or in early states of
abstinence in AUD; no correlation between ghrelin plasma levels and
craving (measured by OCDS) was found in their study (Kraus et al.,
2005). In contrast, Addolorato et al. found that ghrelin levels in actively
drinking patients with AUD were decreased in comparison to healthy
controls (Addolorato et al., 2006a). Furthermore, the study revealed a
positive association of ghrelin blood levels and craving. Hillemacher
et al. found a trend for a positive correlation of ghrelin blood levels and
self-rated craving in Lesch's type 1 patients with AUD, but not in other
Lesch's types (Hillemacher et al., 2007). Wurst et al. found a significant
relationship of OCDS-subscores in female patients with AUD, but not in
male (Wurst et al., 2007). Taken together, those studies are exemplary
for the divergence in research on ghrelin levels in AUD. Direct

comparisons to our present results are difficult, particularly due to
varying study settings. Most studies investigated ghrelin alterations in
AUD in comparison to healthy subjects and performed single-timepoint
comparisons of absolute ghrelin levels. In the present study, we only
compared patients with AUD during treatment with baclofen/placebo,
without including healthy controls. Furthermore, we assessed baseline-
adjusted alterations of total and acylated ghrelin plasma levels over
time via relative effects.

We did not find any direct associations of ghrelin with craving as
measured by VASC or OCDS, which is partially in line with the findings
by Kraus et al. (2005), Hillemacher et al. (2007) and
Wurst et al. (2007), but not with the majority of previous findings
suggesting a positive association of ghrelin blood levels and craving in
AUD (Koopmann et al., 2018).

Interestingly, baclofen serum levels and abstinence rates of the
different study groups were not correlated with craving in the BACLAD
trial too (Müller et al., 2015). Thus, lacking associations of ghrelin
plasma levels with craving are not contradicting our assumption that
response to baclofen might be associated with total and acylated ghrelin
plasma levels alterations.

A study by Leggio et al. reported that ghrelin levels decreased in
relapsed patients with AUD and increased over time in abstinent pa-
tients with AUD within a study setting similar to the present trial
(Leggio et al., 2012). Forty-two of the included patients with AUD were
taking part in a placebo-controlled baclofen treatment study
(Addolorato and Leggio, 2010; Leggio et al., 2012). The authors did not
find any effects of baclofen treatment on ghrelin blood levels and fo-
cused on differences of abstinent and relapsed subjects. Interestingly,
they hypothesized that baseline ghrelin levels might be relapse pre-
dictors in their study: higher baseline ghrelin levels indicated a higher
risk of relapse, whereas lower ghrelin levels at baseline indicated a
longer duration of abstinence (Leggio et al., 2012). These results are
consistent with our finding of negative associations of ghrelin plasma
levels with duration of abstinence, thereby supporting our assumption
that low ghrelin levels might be associated with maintenance of ab-
stinence during treatment with high-dose baclofen. The negative results
of Leggio et al. regarding ghrelin blood levels alterations during treat-
ment with baclofen might potentially be related to the different study
designs. In the BACLAD study, individual doses up to 270mg baclofen
per day were used, whereas Leggio et al. used doses ranging between
30–60mg per day and did not assess levels of acylated ghrelin
(Leggio et al., 2012).

Our results support the notion that alterations of ghrelin plasma
levels during treatment with individually titrated baclofen might reflect
a general improvement or a changed status of the AUD during phar-
macological treatment. Based on the lacking association of ghrelin
plasma levels with baclofen blood levels, a direct effect of baclofen on
ghrelin plasma levels seems unlikely. Ralevski et al. recently suggested
that social drinkers with higher ghrelin blood levels are more sensitive
to reward and show higher levels of impulsivity (Ralevski et al., 2018).
This finding is in line with the assumption that ghrelin modulates stress
and reward pathways, thereby being involved in the development and
maintenance of substance use disorders (Zallar et al., 2017). One might
speculate that baclofen modulates reward pathways in patients with
AUD, thereby supporting abstinence, which might in turn be reflected
in decreasing ghrelin plasma levels over time. This hypothesis might
also explain the quite unexpected finding of decreasing total ghrelin
levels in the placebo group of our study, which still was abstinent over a
significant period of time compared to patients with AUD without in-
terventions at all.

Current research on ghrelin tends to be more consistent and in-
dicates that ghrelin signaling affects alcohol seeking in humans since
studies by Farokhnia et al. or Wittekind et al. showed that exogenous
and endogenous ghrelin modulates alcohol consumption in patients
with AUD (Farokhnia et al., 2017; Wittekind et al., 2018). The review
by Zallar et al. points out that upregulation of the ghrelin system might

Table 2
This table shows medians and percentiles of plasma levels of total and acylated
ghrelin in pg/ml in the groups of patients with AUD receiving baclofen or
placebo. Timepoint description: t0= baseline, t1= two weeks after reaching
individual high-dose, t2= end of medication phase.

Study group Total ghrelin in pg/ml Activated ghrelin in pg/ml
t0 t1 t2 t0 t1 t2

Placebo n 26 18 9 25 17 11
Median 1377 1007 1184 18 18 15
Percentiles
25
50
75

854 616 647 15 15 15
1377 1007 1184 18 18 15
1628 1680 1352 23 27 22

Baclofen n 27 19 14 22 17 13
Median 1393 1064 1005 15 15 18
Percentiles
25
50
75

1003 735 804 15 15 15
1393 1064 1005 15 15 18
1680 1378 1260 22 18 24

Table 3
This table shows medians and percentiles of plasma levels of total and acylated
ghrelin in pg/ml in the groups of abstinent and relapsed patients with AUD
receiving baclofen or placebo. Timepoint description: t0= baseline, t1= two
weeks after reaching individual high-dose, t2= end of medication phase.

Study group Total ghrelin in pg/ml Activated ghrelin
in pg/ml

t0 t1 t2 t0 t1 t2

Placebo Abstinent n 4 4 2 4 2 3
Median 1332 1331 996 15 20 15
Percentiles
25
50
75

963 522 723 15 15 15
1332 1331 996 15 20 15
1601 1680 62

Relapsed n 22 14 7 21 15 8
Median 1427 984 1184 20 18 15
Percentiles
25
50
75

825 616 570 15 15 15
1427 984 1184 20 18 15
1628 1608 1373 23 27 22

Baclofen Abstinent n 11 11 11 11 9 10
Median 1221 1062 998 16 15 17
Percentiles
25
50
75

1003 672 849 15 15 15
1221 1062 998 16 15 17
1406 1268 1161 22 20 19

Relapsed n 16 8 3 11 8 3
Median 1610 1244 1218 15 16 44
Percentiles
25
50
75

970 803 532 15 15 25
1610 1244 1218 15 16 44
1680 1616 20 18
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increase alcohol craving. However, acute and chronic exposure to drugs
seems to influence ghrelin regulation differently (Zallar et al., 2017).

Taken together, our findings point out that repeated measurement
of total and acylated ghrelin plasma levels during baclofen treatment in
patients with AUD might potentially be used as a long-term treatment
response marker. Here, decreasing total ghrelin plasma levels over time
might indicate maintenance of abstinence during treatment with high-
dose baclofen, whereas an increase of acylated ghrelin over time might
be associated with relapse. Thus, the regulation of the ghrelin secretion
is a complex process, its potential role as a response marker in baclofen
treatment in AUD needs to be assessed in future studies.

The following limitations need to be discussed. Since most studies
did not assess total and acylated ghrelin or medication effects on levels
of ghrelin in AUD, direct comparisons with the present findings are not
fully applicable and further research is needed to discriminate altera-
tions of both forms of ghrelin in the blood. Further limitations to our
preliminary results have to be addressed. The sample sizes of our groups
were small, resulting in low statistical power. At timepoint t2 some
sample sizes were lower than 10, therefore only relative, baseline ad-
justed effects were calculated and absolute comparisons were not per-
formed. In addition, three timepoints within 20 weeks are presumably
not sufficient to draw final conclusions on longitudinal effects of a
pharmacological intervention on ghrelin plasma levels. We did not as-
sess blood glucose levels to prove that patients were fasting. Finally, we
included male and female patients in our study, but the subgroups were
too small to control for potential confounding effects.
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