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Alcoholism, Craving, and Hormones: The Role of Leptin,
Ghrelin, Prolactin, and the Pro-Opiomelanocortin System
in Modulating Ethanol Intake

Friedrich Martin Wurst*, Dennis D. Rasmussen*, Thomas Hillemacher, Thomas Kraus,
Katrin Ramskogler, Otto Lesch, Kristina Bayerlein, Anja Schanze, Julia Wilhelm, Klaus
Junghanns, Tilman Schulte, Gerhard Dammann, Lutz Pridzun, Gerhard Wiesbeck, Johan-
nes Kornhuber, and Stefan Bleich

Evidence is growing that appetite regulating peptides such as leptin and ghrelin, but also other
hormones including prolactin are altered in alcoholism. The brain pro-opiomelanocortin (POMC)
system which has important mediating roles in alcohol intake also has important functions in pro-
lactin regulation and energy homeostasis. Furthermore, it has been demonstrated to be function-
ally integrated with leptin regulation. The satiety factor leptin seems to be counteracted by the
gut-derived peptide ghrelin which increases hunger and food intake. Consequently, the POMC
system may have a role in integrating regulation of alcohol effects and these seemingly disparate
regulatory systems. The goal of this mini-review is to discuss the results of some recent investiga-
tions of the potential interactions of these systems with acute and chronic alcohol responses.
Key Words: Alcoholism, Craving, Ghrelin, Leptin, Prolactin, Pro-Opiomelanocortin.

VIDENCE IS GROWING that appetite regulating

peptides such as leptin and ghrelin are altered in alco-
holism. As these hormones might share common pathways in
alcoholism and eating disorders (Kalra and Kalra, 2004; Thi-
ele et al., 2003) a link to craving also seems reasonable. The
satiety factor leptin seems to be counteracted by the gut-
derived peptide ghrelin which increases hunger and food
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intake. Leptin is a cytokine-type peptide hormone, mainly
synthesized in adipocytes. Systemic effects include changes in
energy homeostasis, regulation of neuroendocrine and
immune function and in development. Recently, the issue of
leptin as potential state marker of alcoholism and its role in
craving for alcohol has been raised (Dammann et al., 2005;
Kiefer et al., 2001a,b, 2002; Kim et al.,2005; Kraus et al.,
2004; Wurst et al., 2003).

Studies include investigations on acute and chronic effects
of ethanol intake, epidemiological data as well effects of appli-
cation of exogenous leptin. Ghrelin is a 28-amino acid gut-
brain peptide, mainly secreted by the gastric mucosa, among
others (Korbonits et al., 2004). Ghrelin is linked to energy
homeostasis and particularly seems to increase hunger and
food intake (Locke et al., 1995). Currently, the role of ghrelin
in alcoholism is discussed: both increased (Kim et al., 2005;
Kraus et al., 2005) and decreased (Addolorato et al., 2006)
levels have been described. In contrast to Kraus et al., 2005,
Addolorato et al. also reported a relation to craving.

Additionally, other hormones like prolactin have been
investigated in alcohol craving. It has been shown that prolac-
tin levels are elevated during withdrawal and decrease after-
wards. Furthermore, in female patients, a significant
association between changes of prolactin levels during with-
drawals and craving has been found (Hillemacher et al.,
2005). In male patients, however, elevated prolactin was sig-
nificantly associated with craving during alcohol withdrawal
in patients of Lesch’s type 2.

The brain pro-opiomelanocortin (POMC) system which
has important mediating roles in alcohol abuse (Rasmussen
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et al., 2002) also has important roles in prolactin regulation
and energy homeostasis and has been demonstrated to be
functionally integrated with leptin regulation (Cheung et al.,
1997; Fan et al., 1997; Schwartz et al., 1997; Wand and Schu-
mann, 1998). Consequently, the POMC system may have a
role in integrating regulation of alcohol effects and these
seemingly disparate regulatory systems.

The goal of this mini-review is to discuss the results of some
recent investigations of the potential interactions of these sys-
tems with alcohol responses. By illustrating potential common
themes across these varied but overlapping areas of investiga-
tion, further complementary and/or collaborative interactions
may be stimulated.

ALTERATIONS OF PROLACTIN SERUM LEVELS AND
THEIR ASSOCIATION WITH ALCOHOL CRAVING

The role of the hypothalamus-pituitary-adrenocortical
(HPA) axis in alcohol craving has been investigated in numer-
ous studies. In this context, reduced corticotropin releasing
hormone levels have been associated with elevated craving for
alcohol. Also, reduced cortisol and adrenocorticotrophic hor-
mone levels have been found to be associated with elevated
craving and higher relapse rates in alcoholism (Junghanns
et al., 2003; Kiefer et al., 2002). These findings show that the
HPA axis plays an important role in the neurobiology of alco-
hol craving. Other studies focusing on volume regulating
mechanisms during alcohol withdrawal and abstinence have
shown that vasopressin (antidiuretic hormone) is reduced up
to 280 days after alcohol withdrawal, while in contrast atrial
natriuretic peptide (ANP) is elevated (Doring et al., 2003).
This may be of special pathophysiological interest in alcohol
craving because ANP is known to have an anxiolytic effect,
particularly in panic disorders. Furthermore, it is well known
that volume regulating hormones interact with the HPA-axis
(Antoni et al., 1992).

Recent research focusing on different neurobiological
aspects in alcoholism showed that there are important differ-
ences between subgroups of addiction. Therefore, different
types of typologies have been described up to now. One of
these is the well-established Lesch typology, which differenti-
ates 4 subgroups of alcohol dependence (Lesch and Walter,
1996). Collocation to the different subgroups was done
according to the decision tree described by Lesch. Patients of
Type 1 of Lesch’s typology (model of “allergy”) tend to suffer
from severe alcohol withdrawal symptoms. Type 2 patients
(model of anxiety) tend to use alcohol to treat an underlying
anxiety disorder. An affective disorder as origin of alcohol
abuse describes Type 3 patients (model of depression). Type 4
patients (model of adaptation) are characterized by behav-
ioral disorders, premorbid cerebral defects and a high social
burden. Regarding the association of hormones and addictive
behavior in alcoholism, subtyping may help to elucidate the
importance of specific pathways in different groups of
patients. A recent study showed that there is an association
between volume intake and elevated alcohol craving. This
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study was performed as part of the Franconian Alcoholism
Research Studies (Bleich et al., 2005). The Obsessive Compul-
sive Drinking Scale (OCDS) was used to assess craving during
alcohol withdrawal. A significant association between volume
intake (independent from the ethanol intake) and alcohol
craving was found for the whole population, but especially
for patients of Lesch’s type 2 (Hillemacher et al., 2006b).
These results show that specific disturbances of hormone
regulating systems may be of special interest in subgroups of
patients. Lesch’s type 2 comprises patients suffering from a
comorbid anxiety disorder and using alcohol to treat under-
lying anxiety symptoms. Therefore, the association between
volume and craving may reflect a pathophysiology including
disturbance of vasopressin and ANP. The latter is known to
play a special role in anxiety behavior.

Additionally, other hormones like prolactin have been
investigated in alcohol craving. Prolactin levels are elevated
during withdrawal and decrease afterwards. Furthermore, in
female patients, a significant association between changes of
prolactin levels during withdrawal and craving has been
found (Hillemacher et al., 2005). In male patients, however,
elevated prolactin was significantly associated with craving
during alcohol withdrawal in patients of Lesch’s type 2, while
other subgroups showed no significant association (Hille-
macher et al., 2006a). It is known that alcohol exposure leads
to a chronic stimulation of dopamine receptors. The associa-
tion between prolactin serum levels and craving in special
subgroups of patients may be a marker for a disturbed dop-
amine pathway. Dysphoric emotional states and craving dur-
ing alcohol withdrawal have been associated with a reduction
of mesolimbic dopaminergic activity (Diana et al., 1996).
These results would link the tuberoinfundibular with the
mesocorticolimbic dopaminergic system. There is evidence
that both systems are regulated by D2 receptors which
have been associated with cognitive and affective functions,
prolactin secretion, and activity of the tuberoinfundibular
dopamine neurons.

LEPTIN AND GHRELIN LEVELS IN ALCOHOL
WITHDRAWAL, ABSTINENCE, IN A DRINKING
EXPERIMENT AND THEIR RELATION TO CRAVING

The peptide leptin has been intensively studied and is
known to play an important role in hypothalamic appetite
regulation. Leptin plasma concentrations are elevated during
chronic alcohol consumption and normalize during with-
drawal and abstinence (Wurst et al., 2003). Leptin regulates
the HPA-axis and inhibits the cortisol-mediated stress
response. Results from 2 clinical studies and 1 preclinical
study suggest that increased plasma concentration of leptin
are associated with increased craving (Kiefer et al., 2001a,b).
Recently, an association of leptin and alcohol craving during
withdrawal was described particularly in female patients
(Kraus et al., 2004). A second analysis of the same study
population including a larger patients’ sample showed power-
based evidence of a significant association between leptin
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levels (corrected for body mass index) and craving for both
genders (Hillemacher et al., 2007). These results provide evi-
dence for an association between leptin and alcohol craving
in both genders.

Recently, other appetite regulating peptides like ghrelin
were studied regarding a possible association with drug seek-
ing behavior.

Very recent findings on ghrelin levels in alcoholism were:
Two types of alcoholic inpatients, group A (active drinker,
acutely intoxicated, n = 97) and group B (early abstainer,
who had stopped drinking 24 to 72 hours before, n = 21)
were consecutively included in a prospective study from the
first day of hospitalization. Ghrelin plasma levels and craving
data were assessed on days 0, 1, 2, and 7(-10) and compared
with those of 24 healthy controls (Kraus et al., 2005). At each
time point ghrelin plasma levels of alcoholic patients were
significantly increased compared with healthy subjects. Fur-
thermore, early abstainers showed significantly higher ghrelin
levels than active drinkers. In the group of active drinkers,
ghrelin plasma levels were significantly increased at each time
point compared with baseline. No correlations were found
between ghrelin levels and craving data measured by the
visual analog scale or the Obsessive Compulsive Drinking
Scale. The data indicate that ghrelin levels are elevated in
alcoholism and seem to further increase during alcohol with-
drawal. However, ghrelin levels do not seem to be associated
with alcohol craving.

Findings from data on alcohol detoxification patients and
abstainers (Wurst et al., 2003) did not support the hypothesis
of leptin as a state or as a trait marker. As for ethical reasons,
it is difficult to investigate the effect of acute intoxication of
alcohol on leptin levels in alcoholics, The hypothesis of low-
ered levels as an effect of acute ethanol intake was tested in
healthy volunteers (Dammann et al., 2005). A further aim of
this study was to contribute experimentally to this very con-
troversially discussed area of research concerning the effects
of acute alcohol intake on healthy persons (Raben et al.,
2003; Rojdmark et al., 2001; Roth et al., 2003).

Except for the volunteers mentioned below, all subjects
were diagnosed to be alcohol dependent according to ICD
10 F 10.2. A placebo-controlled double blind drinking experi-
ment with n = 17 healthy volunteers (n = 17) was per-
formed. For comparison, leptin levels of 16 male alcoholic
patients at day 1 of withdrawal were used. The oral dose of
ethanol administered was 0.6 g/kg ethanol. The findings were
the following: (1) For the volunteers, the ethanol and placebo
groups exhibited leptin levels closely corresponding to levels
measured at baseline (r = 0.85, p < 0.0001) and follow up
(r = 0.768, p < 0.0001). Leptin levels for the placebo and
the alcohol consuming (verum) group did not significantly
differ at baseline, after ethanol intake, or the morning after
[Mann—Whitney test (p = 0.669, 1.0 and, 0.887, respec-
tively)]; (2) Leptin levels in relation to BMI did not signifi-
cantly differ at any measurement time in either group;
(3) Leptin levels/BMI of the healthy volunteers at baseline
and follow up were not significantly different from those of
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16 alcoholics. The data do not support the hypothesis of a
significant effect of acute moderate alcohol intake on leptin
levels in healthy volunteers.

As there is also an increasing body of evidence linking
another appetite regulating hormone, ghrelin, to alcoholism,
a subsequent study was performed to look for potential alter-
ations in the levels of these patients: Leptin and ghrelin levels
were determined after alcohol withdrawal in 103 alcohol
dependent patients of both sexes, correlated with craving and
compared with the respective hormone levels in 32 healthy
volunteers (Human Leptin Standard RIA Kit and Ghrelin
RIA 90; Mediagnost Inc, Reutlingen Germany). For patients
during abstinence in a rehabilitation program, the following
findings emerged: (1) There were no significant differences in
the Mann—Whitney test between leptin levels at beginning
and at the end of the 3 week rehabilitation program and the
results from the volunteers; (2) For the ghrelin levels, a signifi-
cant difference was found at the beginning, not, however, at
the end of the program for the 2 groups; (3) With regard to
craving, a significant correlation could be established between
OCDS question 13 at the end of the rehabilitation program,
For those relapsing within a 3 week follow-up period after
the end of the rehabilitation program a tendency towards
lower leptin levels was found.

To further elucidate the potential correlation between
leptin and ghrelin levels and craving, both hormones were
assessed during alcohol withdrawal at tow sites (Basel,
Switzerland, n = 15) and (Vienna, Austria, n = 22) and
compared with other parameters. Leptin and ghrelin levels
were determined using the test kits mentioned above (Medi-
agnost Inc.). For the measurement of craving, visual analog
scales were applied to assess the current craving intensity
and the maximum intensity of the last 7 days. In the
Vienna group, no correlation between leptin levels and
craving intensity was found. By contrast, in the Basel
group a significant correlation of r = 0.59 (p = 0.026) was
found on day 1, and r = 0.736 (p = 0.003) on day 7, not
however on day 3 of withdrawal.

In the last years, the role of leptin as state marker for alco-
holism and in craving for alcohol has been discussed. Studies
include investigations on acute and chronic effects of ethanol
intake, epidemiological data as well as effects of application
of exogenous leptin. Future studies, as standardised as possi-
ble, measurement of leptin in CSF and controlling for the
potential influence of different assays seem promising.

Data on the acute effect of ethanol on ghrelin levels in
healthy volunteers are convergent with respect to the ghrelin
lowering effect in both sexes (Calissendorff et al., 2005, 2006;
Zimmermann et al., 2007). In contrast, for alcohol-dependent
patients, during active drinking (Addolorato et al., 2006)
withdrawal (Kraus et al., 2005) and abstinence (Kim et al.,
2005; Kraus et al., 2005), the findings are divergent. Reasons
that might have contributed are gender differences, different
duration of abstinence, using the ratio of ghrelin/BMI instead
of the raw ghrelin levels and the number of subjects included,
among others.
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THE BRAIN POMC SYSTEM: INTEGRATING
THE HORMONES

The brain POMC system appears to have significant roles
in modulating ethanol consumption and responses to ethanol
consumption, at least in part mediated by the POMC-derived
opioid peptide f-endorphin. However, interactions between
this POMC system and other neuroendocrine and behavioral
responses to ethanol consumption and withdrawal, and the
roles these more complex interactions may play in mediating
ethanol consumption or relapse, are less clear. These interac-
tions have been investigated with a model in which rats con-
sume ethanol daily in liquid diet for 9 weeks and then
experience imposed abstinence for extended periods. It was
determined that chronic daily ethanol consumption sup-
pressed forebrain POMC gene expression and compromised
its circadian rhythmicity; conversely, POMC gene expression
increased 4 weeks after stopping ethanol consumption (Ras-
mussen et al., 2002). These changes in forebrain POMC gene
expression were paralleled by changes in plasma levels of the
hormone leptin. Hypothalamic POMC neurons have high
concentrations of leptin receptors (Cheung et al., 1997), leptin
stimulates hypothalamic POMC gene expression (Schwartz
et al., 1997), the forebrain POMC system mediates some
responses to leptin (Fan et al., 1997), and plasma leptin levels
correlate with hypothalamic opioid “tone” (Wand and Schu-
mann, 1998), so these effects on forebrain POMC gene
expression may have been mediated or modulated by changes
in leptin. Thus, it is especially significant that leptin modulates
responses to stimulation of brain reward circuits (Fulton
et al., 2000). However, it should be noted that in some
imposed abstinence studies in which forebrain POMC and
plasma leptin levels were evaluated at differing times of day,
POMC gene expression and plasma leptin levels were not
always correlated. This is consistent with evidence that leptin
is only 1 of the multiple factors which regulate the forebrain
POMC system, and that evidence of these interactions are
time of day dependent.

Intriguing preliminary data on plasma leptin and body
weight changes which persist long after chronic ethanol con-
sumption ceases are currently being investigated further. In
addition, potential relationships between hypothalamic
POMC gene expression, plasma leptin concentrations and
other neuroendocrine systems responses and modulators dur-
ing imposed abstinence, with and without additional neuro-
endocrine manipulations are being further investigated.

CONCLUSION

The findings discussed here show that subtyping in alcohol
dependence may be of high importance for clinical research
and practice. This applies for example for the role of appetite-
regulating peptides or prolactin, which differ between sub-
types of alcohol dependence. The findings presented may
therefore also help to explain previous contradictory findings
regarding leptin and ghrelin. Prolactin, which is associated
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with alcohol craving in female patients and in a specific sub-
group of male patients with alcohol dependence, may be a
consequence of a dysregulation of the tuberoinfundibular
dopaminergic system. These preliminary results regarding
prolactin should be further investigated as it remains unclear
how the mesocorticolimbic dopaminergic system, which is
associated with reward and craving in alcoholism, may lead
to changes in the tuberoinfundibular dopaminergic system.

The findings suggest that neuroendocrinological mecha-
nisms are highly involved in the neurobiology of alcohol crav-
ing and deserve to be investigated more intensively, especially
as the extensive functional interactions between these systems
may contribute significantly to overall ethanol responses. Fur-
thermore, the use of specific typology and gender specific cal-
culations may facilitate more meaningful investigations of
these mechanisms and may help to better evaluate the impor-
tance of research findings for clinical practice.

Ghrelin should be considered together with other recent
candidate hormones that potentially have roles in alcoholism,
such as leptin, neuropeptide Y, peptide Y'Y, cholecystokinin,
insulin, and others. Findings in this area ultimately might
contribute to therapeutic approaches in addition to sub-
stances modulating cannabinoid CBI receptor, receptors
modulating glutamatergic transmission (mGluR2, 3, and 5),
receptors for stress-related neuropeptides corticotropin releas-
ing factor, and nociceptin (Heilig and Egli, 2006). To date,
definite conclusions as to how these factors interact to affect
alcoholism and alcohol craving would seem to be premature.
However, we believe that future studies in this field will bene-
fit from an approach taking into account the heterogeneous
findings and their potential complex relationships as illus-
trated above.
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