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Summary
Background Fibroblast growth factor 21 (FGF21) is
produced in the liver and binds to different complex
receptor/coreceptor systems. Besides many other
processes, FGF21 regulates the intake of simple sug-
ars and alcohol. Increased levels of FGF21 decrease
harmful alcohol intake in mice. To increase our
understanding on the relationship between FGF21
and alcohol intake in humans, we aimed to measure
FGF21 levels in patients with alcoholic liver cirrhosis
(ALC) in comparison to patients with nonalcoholic
liver cirrhosis (NALC) and healthy persons based on
their present alcohol consumption.
Methods Alcohol intake was verified by urinary ethyl
glucuronide (uETG) levels, eating and drinking be-
haviour by a Food Frequency Questionnaire and
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FGF 21 plasma levels were determined by ELISA in
96 persons (ALC n=41; NALC n= 34; healthy n= 21).
Results Both ALC and NALC patients with elevated
ETG levels (≥0.5μg/ml; indicating alcohol consump-
tion in the last 12–72h) showed significantly higher
FGF21 plasma levels in comparison to patients with
negative ETG levels. Eating behaviour did not have an
impact on FGF21 plasma levels.
Conclusions Increased FGF21 levels in patients with
recent alcohol consumption (verified by ETG) con-
firmed the first part of the liver–brain endocrine axis:
alcohol consumption was associated with increased
FGF21 levels. We could not confirm that elevated
FGF21 levels were associated with reduced alcohol in-
take as a result. That points towards a pathology in
this pathway, which might be caused by a malfunc-
tion of β-Klotho or FGF receptors according to other
studies and chronic alcohol dependency. Further re-
search is required to clarify these pathologies, which
may open new pharmacological treatment for patients
with alcohol use disorder and alcohol dependence.

Keywords Alcohol use disorder · End stage · Liver
disease · FGF21 · Liver-brain axis

Fibroblast-Growth-Factor 21 in Zusammenhang
mit Alkoholkonsum und alkoholischer
Leberzirrhose

Zusammenfassung
Grundlagen Fibroblast-Growth-Factor 21 (FGF21)
wird in der Leber produziert und bindet an verschie-
dene komplexe Rezeptor/Corezeptor-Systeme. FGF21
reguliert neben vielen anderen Prozessen die Auf-
nahme von einfachem Zucker und Alkohol. Erhöhte
FGF21-Spiegel verringern den schädlichen Alkohol-
konsum bei Mäusen. Um die Beziehung zwischen
FGF21 und Alkoholkonsum beim Menschen besser
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zu verstehen, wurden FGF21-Spiegel bei PatientInnen
mit alkoholischer Leberzirrhose (ALC) im Vergleich
zu PatientInnen mit nichtalkoholischer Leberzirrhose
(NALC) und gesunden Personen gemessen und in
Korrelation mit ihrem gegenwärtigen Alkoholkonsum
analysiert.
Methodik Der Alkoholkonsum wurde durch Ethylglu-
kuronid(uETG)-Werte im Urin, das Ess- und Trinkver-
halten durch einen Lebensmittelfrequenz-Fragebogen
verifiziert, und die FGF21-Plasmaspiegel wurden mit-
tels ELISA bei 96 Personen bestimmt (ALC n= 41;
NALC n= 34; gesund n= 21).
Ergebnisse ALC- und NALC-PatientInnen mit erhöh-
ten ETG-Spiegeln (≥0,5μg/ml; entspricht Alkoholkon-
sum in den letzten 12–72h) zeigten signifikant höhere
FGF21-Plasmaspiegel im Vergleich zu Patienten mit
negativen ETG-Spiegeln. Das Essverhalten hatte kei-
nen Einfluss auf die FGF21-Plasmaspiegel.
Schlussfolgerungen Erhöhte FGF21-Spiegel bei Pa-
tienten mit kürzlich aufgetretenem Alkoholkonsum
(durch ETG verifiziert) bestätigten den ersten Teil der
endokrinen Achse von Leber und Gehirn: Alkohol-
konsum ist mit erhöhten FGF21-Spiegeln verbunden.
Wir konnten nicht bestätigen, dass erhöhte FGF21-
Spiegel mit einem in Folge reduzierten Alkoholkon-
sum einhergehen. Dies deutet auf eine Pathologie
auf diesem Weg hin, die durch eine Fehlfunktion der
β-Klotho- oder FGF-Rezeptoren und die chronische
Alkoholkrankheit verursacht werden könnte. Weitere
Forschungen sind erforderlich, um diese Pathologien
zu klären, die möglicherweise eine neue pharmakolo-
gische Behandlung für Patienten mit Alkoholkonsum-
störung und Alkoholabhängigkeit eröffnen.

Schlüsselwörter Alkoholkonsumstörung ·
Endstadium · Lebererkrankung · FGF21 · Leber-
Gehirn-Achse

Introduction

Alcohol use disorder is a leading cause of morbidity
and mortality [1] and refers to impaired control over
alcohol use, leading to physiological dependency and
tolerance with psychological, social and physical con-
sequences. While the alcohol consumption in Austria
was below average in 2010, Austrians had the high-
est largest rate of chronic liver disease and liver cir-
rhosis in Europe in 2017 [2]. Prevalence of alcohol
use disorders and dependence was roughly 15% in
Austria in 2014 [3, 4], proving a tremendous burden
of disease and socioeconomic costs. Examination of
different indicators of alcohol consumption and its
possible health effects in Austria suggest that alcohol
consumption behaviour is becoming more moderate,
thus, decreasing the negative effects associated with
alcohol [5].

Contemporary psychiatric research suggests that
developmental and neurobiological pathways are re-
lated to the dopamine system, oxytocin system and

the glucocorticoid system in alcohol use disorder
[6]. The pathways leading to alcohol addiction are
complex and multidimensional including dysregula-
tion of molecular and gene expression, altered brain
sensitivities to reward- and stress-related cues and
behavioural patterns that include risk taking, social
isolation or especially stress dysregulation [6]. The
pathophysiology of alcohol dependency is not only
a dysregulation of neuronal function; it can be under-
stood as a systemic disease with alterations induced
by various metabolic stresses. Alcohol consumption
increases circulating levels of fibroblast growth factor
(FGF) 21 in humans and mice [7]. FGF proteins are
classified into endocrine- and paracrine/autocrine-
regulated energy and are involved in a wide vari-
ety of biological metabolic processes. FGF 21 with
a half-life of 0.7–1.1h is expressed in liver, white adi-
pose tissue, brown adipose tissue and pancreas and
seems to influence drinking and eating preferences.
FGF21 as a neurotropic hormone acts on the nervous
system by suppressing the intake of alcohol. This pro-
vides evidence for a feedback liver–brain endocrine
pathway that limits alcohol consumption [7]. The
effects of FGF21 on the central nervous system (CNS)
are associated with decreased dopamine, a key neuro-
transmitter used in reward pathways [8]. The family of
fibroblast growth factors (FGFs) consists of 22 mem-
bers; these proteins function as signalling molecules
with endocrine or paracrine function and influence
for example energy and mineral metabolism, tis-
sue repair and organogenesis in early development
[9]. FGF21 is a key regulating protein in energy
metabolism; it is highly active in liver, white adipose
and brown adipose tissue and the pancreas [10]. Its
function is regulated by β-Klotho, a cofactor necessary
for the receptor binding of FGF21 in target organs that
is expressed in several of these tissues. In addition
to the expression of β-Klotho in the CNS, FGF21 can
cross the blood–brain barrier [11]. FGF21 adminis-
tration reduces sweet and alcohol preference in mice,
requires the FGF21 coreceptor β-Klotho in the cen-
tral nervous system and correlates with reductions in
dopamine concentrations in the nucleus accumbens
[8]. FGF21 also increases insulin sensitivity and leads
to a decline of plasma glucose, triglycerides, insulin
and glucagon [12]. In mice, supraphysiological levels
of FGF21 lead to a reduced intake of alcohol, which
is most likely due to changes in drinking behaviour
rather than in ethanol metabolism [8]. Among its
central actions, FGF21 induces corticotropin-releas-
ing factor, suppresses arginine vasopressin expres-
sion in the hypothalamus and leads to reductions
in dopamine concentrations in the nucleus accum-
bens [13]. Chronic alcohol consumption stimulates
dopamine release from the major terminal area of the
mesolimbic dopamine system, the nucleus accum-
bens [14]. Chronic alcohol consumption is associated
with functional alterations of this important part of
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the brain reward system [14]. This leads to the ques-
tion whether there is a liver–brain reward system.

FGF21 increases systemic glucocorticoid levels,
suppresses physical activity and alters circadian be-
haviour [15].

To better understand the relation of FGF21 and al-
cohol intake in humans, we measured FGF21 levels
in patients with alcoholic liver cirrhosis (ALC), in pa-
tients with nonalcoholic liver cirrhosis (NALC) and
healthy persons to correlate their present alcohol con-
sumption.

Methods

From July 2012–September 2013, 101 patients with
liver cirrhosis were screened in the outpatient clinic
at the Department of Gastroenterology and Hepatol-
ogy or Department of Transplantation Surgery of the
Medical University Hospital Graz. Patients were sub-
divided by their aetiology of liver cirrhosis. One group
included patients with alcoholic cirrhosis and the sec-
ond group consisted of patients with all other types
of cirrhosis. The healthy control group comprised
21 persons without liver disease or history of alco-
hol abuse. The inclusion criteria were patients aged
between 18 and 80 years with clinical and radiological
evidence of cirrhosis and a biopsy-proven liver cirrho-
sis of any cause. The study was approved by the Ethics
Committee of the Medical University of Graz (23-096
ex 10/11) and informed consent was obtained from all
participants.

The exclusion criteria were Child–Pugh score over 11,
clinical evidence of active infection, antibiotic treat-
ment within 7 days prior to enrolment, gastrointesti-
nal haemorrhage within the previous 2 weeks, use
of immunomodulating agents within the previous
month, concomitant use of supplements (pre-, pro-,
or synbiotics) likely to distort FGF21 levels, renal
failure (such as hepatorenal syndrome), creatinine
>1.7mg/dL, hepatic encephalopathy II–IV, pancre-
atitis or other organ failure, hepatic or extrahepatic
malignancy, pregnancy and presumed noncompli-
ance to the study protocol.

A food frequency questionnaire was used to de-
scribe the nutritional behaviour of patients, as well
as blood sampling to evaluate FGF21 and urine sam-
ples to measure ethyl glucuronide (ETG) and ethyl sul-
fate (ETS) levels. Additional information was collected
during the clinical investigation, such as Child–Pugh
score, MELD (model of end-stage liver disease) score
and BMI (body mass index). The Child–Pugh’s clas-
sification is used to categorize disease severity based
on clinical criteria like severity of ascites and hep-
atic encephalopathy, as well as synthetic performance,
measured by albumin and prothrombin time, and ex-
cretion capacity obtained by bilirubin. This scoring
system is helpful to predict prognosis and mortality
and to define the strength of therapy. Another clas-
sification to categorize the severity of liver disease,

especially in the end stage is the model of end-stage
liver disease (MELD score).

Food frequency questionnaire

The food frequency questionnaire of the nutritional
medicine service of the University Hospital Graz in-
cludes 33 categories comprising the most common
food and beverage items, for which each patients
can indicate the frequency of consumption from
“rarely/never” to “multiple times daily”. The ques-
tionnaire adapted from the Robert Koch Institute
named “Ernährungsfragebogen” consisted of 57 ques-
tions with single choice answer options about intake
frequency (e.g. “once a day”, “several times a day”,
“2–3 a week”, “once a month”, “never”) of a wide
range of food items, e.g. grain products, meat prod-
ucts, sweets and alcoholic beverages.

FGF 21

FGF 21 levels were determined using a commercially
available ready to use sandwich ELISA (enzyme linked
immunosorbent assay) by Biovendor (Karasek, Czeck
Republic) according to the manufacturer’s instruc-
tions.

ETG and ETS

The ETG and ETS urine levels were measured by liq-
uid chromatography–mass spectrometry using TSQ
Quantum Discovery and Dionex Ultimate 3000 (Brno,
Czech Republic).

Statistical analysis

Statistical analysis was performed with SPSS 23 (IBM,
Armonk, New York, USA). Chi-squared test/Fisher
exact test was used to evaluate between-group differ-
ences of categorical variables. Furthermore, the as-
sessment of the normal distribution of all continuous
values was performed using the Kolmogorov–Smirnov
test. As variables were not normally distributed,
the Mann–Withney U-test was used to evaluate sig-
nificances in variables with two subgroups and the
Kruskal–Wallis test was used for variables with three
factor levels. Differences in FGF-21 levels for the three
study groups were tested by a single factor analysis
of variance (ANOVA), as this procedure has shown to
be robust even when the requirements of normally
distributed data are not met [16–18].

Results

Of the 101 patients with liver cirrhosis of any aetiology
screened in the outpatient clinic of the UniversityHos-
pital of Graz, 9 of the patients had screening failures;
thus, 92 patients were included: 17 of the patients met
exclusion criteria, samples of 75 patients were used for
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Table 1 Sociodemographic and clinical description of
groups with ALC (n= 41), NALC (n= 34) and healthy con-
trols (n= 21)

Variables Groups n (%) Mean (SD) Median (range)
Sex
(females in
%)

ALC 9 (22%) – –

NALC 13 (38%) – –

Controls 12 (57%) – –

Age ALC – 55.4 (9.2) 56.0 (39.0)

NALC – 57.9 (9.7) 60.0 (38.0)

Controls – 58.0 (7.0) 58.0 (23.0)

BMI ALC – 27.0 (4.0) 27.0 (21.7)

NALC – 27.2 (4.1) 26.3 (17.0)

Controls – 25.0 (3.1) 25.2 (12.5)

Child–Pugh
score

ALC – 6.1 (1.4) 6.0 (6.0)

NALC – 5.9 (1.3) 5.0 (5.0)

MELD score ALC – 12.5 (4.4) 12.4 (19.4)

NALC – 10.6 (3.4) 9.7 (11.4)

ALC alcoholic liver cirrhosis, NALC nonalcoholic liver cirrhosis, SD standard
deviation, BMI body mass index, MELD score model of end-stage liver
disease score

Table 2 Self-reported alcohol consumption and ETG lev-
els in groups with ALC (n= 41), NALC (n= 34) and healthy
controls (n= 21)

Variables Groups n (%) Mean (SD) Median (IQR)

Self-reported
alcohol intake
(units/week)

ALC – 0.5 (2.2) 0.0 (0.0)

NALC – 0.2 (0.6) 0.0 (0.0)

Controls – 2.2 (2.7) 0.8 (3.0)

Self-reported
abstinence

ALC 36 (88) – –

NALC 27 (79) – –

Controls 7 (33) – –

Negative ETG
(<0.5μg/ml)

ALC 32 (78) – –

NALC 30 (88) – –

Controls 21 (100) – –

Positive ETG
(>0.5μg/ml) and
according ETG
levels

ALC 9 (22) 22.6 (36.5) 10.0 (30.2)

NALC 4 (12) 20.1 (24.9) 12.5 (45.1)

Controls 0 (0) – –

ALC alcoholic liver cirrhosis, NALC nonalcoholic liver cirrhosis, IQR in-
terquartile range, ETG ethyl glucuronide, SD standard deviation

further analysis (41 with alcoholic cirrhosis, 34 nonal-
coholic cirrhosis, 21 healthy individuals, screened at
the outpatient clinic of the research group). The age of
the healthy control group was comparable to the age
of the patient cohort. Table 1 gives an overview on
sociodemographic and clinical characteristics of the
study groups.

Alcohol consumption was determined via self-re-
ports and ETG levels were measured as a marker of
alcohol intake within the last 12–72h (Table 2). Ques-
tions about alcohol intake in the food frequency ques-
tionnaire referred to the frequency of alcohol intake
(such as beer, wine and other alcoholic beverages)
per week. Self-reported alcohol intake was higher
in the healthy control group (mean rank= 67.63)
than in patients with alcoholic (mean rank= 41.38)

or nonalcoholic (mean rank=44.44) liver cirrhosis
(Kruskal–Wallis H= 21.82, p< 0.001). Similarly, 88%
of patients with ALC and 79% of patients with NALC
reported to be abstinent, while only 33% of healthy
controls reported alcohol abstinence. Concerning
ETG levels, 78% of patients with ALC and 88% of pa-
tients with NALC had negative ETG levels (<0.5μg/ml)
in contrast to healthy controls, where all subjects had
negative ETG levels. Table 2 gives information on
the distribution of self-reported alcohol consumption
and ETG levels in the study groups.

FGF-21 levels were determined and compared in
all three groups; no statistical differences were found
for FGF-21 levels in patients with ALC (M=491.6,
SD= 693.2), NALC (M=318.5, SD=470.5) and healthy
controls (M=299.1, SD=216.6; F (2.93)= 1.305, p=
0.276). FGF-21 levels were compared among sub-
groups with positive or negative alcohol consumption
and positive or negative ETG levels for every study
group. Significantly higher FGF21 levels were seen
in patients with positive ETG levels compared to pa-
tients with negative ETG levels for both the ALC and
the NALC group (Table 3). There were no differences
in FGF-21 levels between groups with positive and
negative self-reported alcohol consumption, neither
in patient groups nor in healthy controls (Table 3).

Discussion

Increased FGF21 levels in patients with recent alco-
hol consumption (verified by ETG) confirmed the first
part of the liver–brain endocrine axis: alcohol con-
sumption is associated with increased FGF21 levels.
The basic concept of the liver–brain endocrine axis is
the self-protection of liver tissue by influencing the
hypothalamus, which in turn leads to a reduction or
cessation of alcohol consumption. This is achieved by
the synthesis of FGF21, which passes the blood–brain
barrier and affects the hypothalamus by binding to
FGFR1c or 3c in presence of β-Klotho [9]. This feed-
back mechanism seems to be vulnerable. Significantly
higher FGF21 levels with positive ETG levels are seen
in our study compared to those with negative ETG
levels applying to the group of alcoholic liver cirrhosis
and nonalcoholic liver cirrhosis. We could not confirm
that elevated FGF21 levels were associated with de-
creased alcohol intake. That points towards a pathol-
ogy in this pathway, which might be caused by a mal-
function of β-Klotho or FGF receptors according to
other studies. β-Klotho as an essential cofactor in the
signal transduction of FGF21 and its variation in the
klb gene (encoding β-Klotho) is associated with abnor-
mal alcohol consumption with genome-wide signifi-
cance [19]. A distortion within this signal transduction
pathway inhibiting the negative feedback loop might
be one of the explanations why patients continue ex-
cessive alcohol consumption despite elevated FGF21
levels.
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Table 3 Levels of FGF21 (pg/ml) in groups with ALC (n= 41), NALC (n= 34) and healthy controls (n= 21) according to self-
reported drinking behaviour and ETG levels

Groups Alcohol consumption n (%) Mean (SD) Median (IQR) p-value (U-test)
ALC Self-reported alcohol

consumption
Positive 5 (12) 471 (624) 156 (359) –

Negative 36 (88) 494 (710) 275 (348) 0.5744

ETG levels Positive 9 (22) 1056 (1216) 589 (1056) –

Negative 32 (78) 333 (347) 213 (216) 0.0441*

NALC Self-reported alcohol
consumption

Positive 7 (21) 322 (293) 247 (289) –

Negative 27 (79) 317 (511) 183 (240) 0.5877

ETG levels Positive 4 (12) 490 (284) 431 (377) –

Negative 30 (88) 296 (489) 182 (182) 0.0263*

Controls Self-reported alcohol
consumption

Positive 13 (67) 303 (216) 271 (236) –

Negative 7 (33) 306 (247) 261 (329) 0.8773

ETG levels Positive 0 (0) – – –

Negative 21 (100) 299 (217) 261 (239) –

Positive self-reported alcohol consumption 0.5 unit/week or more (1 unit alcohol was one beer (0.5 l), one glass of wine (0.25 l) or one shot (4cl), e.g. 20g pure
alcohol/unit)
Negative self-reported alcohol consumption less than 0.5 unit/week
Positive ETG level>0.5μg/ml
Negative ETG level<0.5μg/ml
ALC alcoholic liver cirrhosis, NALC nonalcoholic liver cirrhosis, IQR interquartile range, ETG ethyl glucuronide, SD standard deviation, FGF21 fibroblast growth
factor 21
* significance p< 0.05

Alterations in the sensitivity of the receptor FGFR1c
and 3c could be another flaw in the transmission of
information in the liver–brain endocrine axis. A long-
term drinking history with increased levels of FGF21
could lead to a receptor resistance, which starts a vi-
cious circle with the consequence of further alcohol
intake as a dysfunctional behaviour. Furthermore, in-
dividual and psychological characteristics including
comorbid psychiatric disorders [20], early life stress
[21], or impulsivity [22] are also risk factors associ-
ated with chronic alcohol consumption. Chronic ad-
ministration of alcohol is associated with functional
alterations of the important dopaminergic part of the
brain reward system with harmful effects on cogni-
tive functioning [23]. Among its central actions FGF21
with co-receptor β-Klotho correlate with reductions in
dopamine concentrations in the nucleus accumbens
in mice [4].

Our findings suggest that increased alcohol con-
sumption leads to increased FGF21 levels but no
negative feedback leading to reduction of alcohol
intake follows. This finding points to an abnor-
mality or change in the transmission and process-
ing of information. Dysfunction of the hypothala-
mic–pituitary–adrenal (HPA) axis has also been ob-
served in chronic alcohol abuse related to stress [24].
The HPA axis affected by stress is controlled by com-
plex interactions of a number of neurotransmitter
systems to help the individual cope with stressful
situations [25]. A normal HPA-axis response is char-
acterized by a fast increase of corticotropin-releasing
hormone (CRH), adrenal corticotropin (ACTH) and
cortisol followed by an efficient return to prestress lev-
els upon termination of the stressful challenge [26].
FGF 21 induces corticotropin-releasing factor and

suppresses arginine vasopressin expression in the hy-
pothalamus [10]. A number of studies have shown
impairment in the activity of the HPA-axis response
of alcohol-dependent individuals [27] as well as by
short- and long-term abstinent alcoholics suggesting
a persistent dysfunction of the HPA axis in alcohol-
dependent individuals [27].

Our findings suggest an impairment in a liver–brain
feedback mechanism in chronic alcohol abuse and
demonstrate the importance of neuroendocrine path-
ways.

The second interesting result was the discrepancy
concerning the declaration of alcohol intake. Moni-
toring alcohol use is an important part of the treat-
ment of patients with ALC. Due to the uncertainty
of alcohol intake declaration we used urine ETG lev-
els, a frequently used test for alcohol intake in the
last 12–72h with a sensitivity of 76% and a speci-
ficity of 93%. ETG levels provided the opportunity
to compare them with the information about alcohol
consumption. In this context, a good match of high
ETG levels and positive alcohol declaration is seen in
the group of patients with nonalcoholic liver cirrhosis.
The inconsistencies of alcohol declaration and high
ETG in the group of patients with alcohol liver cirrho-
sis could be caused by cognitive impairment. Chronic
excessive alcohol consumption induces cognitive im-
pairment mainly affecting executive functions, and
episodic memory [28]. These cognitive impairments
not only determine daily management but also the
efficiency of management and may additionally com-
promise the likelihood for abstinence. The presence
of cognitive impairment therefore requires adaptation
of the criteria of screening and the management of
alcohol-dependent patients. Furthermore the incon-
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sistencies of alcohol declaration and high ETG may
be caused by shame or because the patient fear prob-
lems in their medical treatment in a liver clinic associ-
ated with access to liver transplantation. There is also
a need for an active role of the caregiver with man-
aging the therapy process and addressing the shame
and guilt symptoms.

Alcohol use disorders complicate assessment and
treatment of other medical and psychiatric prob-
lems. Standard criteria or perhaps new screening
criteria for alcohol dependency—the more severe dis-
order—should be used to reliably identify people for
whom long-term drinking causes major physiolog-
ical consequences and the mentioned impairment
of feedback mechanism and ability to homeostatic
function.

Long-term alcohol dependency has a highly nega-
tive impact on bio-psycho-social regulation systems.

The evaluation of dysfunctional psychological, psy-
chophysiological and neuroendocrine feedback reg-
ulation factors including FGF21 levels with ETG lev-
els, cognitive and personality structure impairments
could be a change towards a contemporary standard-
ized alcoholism evaluation.

Limitations

In our study, some patients declared no or low al-
cohol intake but still had positive ETG levels. The
ETG test used has a sensitivity of 76% and a speci-
ficity of 93%. Exposure to alcohol in other forms (e.g.
mouthwash, food, topical products) may also lead to
a positive result. The dependency on the medical sys-
tem could have influenced the statements. The cross-
sectional design does not allow interpretation of the
time-course of FGF21 increase and chronic alcohol
consumption.

Conclusion

Increased FGF21 levels in patients with recent alco-
hol consumption (verified by ETG) confirmed the first
part of the liver–brain endocrine axis: alcohol con-
sumption was associated with increased FGF21 levels.
We could not confirm that elevated FGF21 levels are
associated with a reduction of alcohol intake. That
points towards a pathology in this pathway, a mal-
function in the feedback mechanism, which might be
caused by a malfunction of β-Klotho or FGF recep-
tors according to other studies. Long-term alcohol
dependency could lead to alterations in the activity of
regulation systems with changes in the transmission
and processing of information on the molecular, neu-
roendocrine and behaviour level. Further research is
required to clarify these pathologies, which may open
new screening and pharmacological treatment for pa-
tients with alcohol use disorder and alcohol depen-
dence.
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