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Recent research developments in the alcohol use dis-
order (AUD) field have prompted researchers to in-
vest in novel approaches to evaluate alcohol craving. 
Neuroendocrine pathways portray activity within the 
central nervous system (CNS) with potential biomark-
ers that can be collected safely at the peripheral level. 
Traditionally, one of the most studied neuroendocrine 
systems, especially when applied to treating AUD, is 
the hypothalamus-pituitary-adrenocortical (HPA) axis; 
however, recently, there has been interest in the gut-
liver-brain axis as appetite-related neuroendocrine 
pathways may affect alcohol craving. This narrative 
review reports on both preclinical and clinical studies 
to evaluate ghrelin and insulin as hormonal biomarkers 
to quantify craving and the recent research on gluca-
gon-like-peptide 1 (GLP-1) receptor agonists, regard-
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ing them as potential treatment options for people with 
AUD. Collecting and measuring those hormones may 
offer the opportunity to investigate novel ways to in-
vestigate alcohol cravings. Those analytical measures 
could provide clinicians with novel critical information 
regarding the severity of a patient’s condition and, thus, 
be able to provide their patients with more personalized 
and effective treatments.



2

NEC
NUTRIMENTUM ET CURAE

Massimo A. Koffler, Lorenzo Leggio

ALCOHOL CRAVING AND THE CHALLENG-
ES OF MEASURING IT 

The scientific community has made great strides in re-
cent years, defining craving in the International Sta-
tistical Classification of Diseases and Related Health 
Problems 10th Revision (ICD-10) as “a strong desire 
or sense of compulsion to take the substance [alcohol]” 
and including craving as part of the criterion for diag-
nosing Alcohol Use Disorder (AUD) in the Diagnos-
tic and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5)1. These developments have prompted 
researchers to invest in more concrete ways to quantify 
craving, including methodologies aimed at improving 
retrospective assessments of craving. Examples in-
clude assessing craving in real time in human labora-
tory settings (such as alcohol cue-reactivity procedures 
conducted in bar-like settings) and assessing craving in 
real-time and in the real-world via ecological momen-
tary assessment techniques. 
Craving, in the context of alcohol and other substance 
use disorders (AUD and SUD), historically has been 
incredibly difficult to quantify for various reasons. It 
did not have a universally agreed upon definition with-
in the scientific community, meaning researchers noted 
different characteristics when discussing it as a qualita-
tive result. For example, craving has been described by 
some as “desire and urge”, while others have defined it 
as only the “desire” to experience the effects of a drug, 
while using the term “urge” to describe the behavioral 
intention to use the drug2.
Craving, reported as a quantitative result, is also com-
monly measured in a self-reported manner, which is 
challenging as it leads to subjective results, and pa-
tients may over exaggerate or deny experiencing it. 
Furthermore, in the research setting for AUD, the most 
common and well- regarded self-reported quantifiers 
of craving, such as the Obsessive Compulsive Drink-
ing Scale (OCDS) and the Penn Alcohol Craving Scale 
(PACS)3, are retrospective measures. This means that, 
rather than describing their symptoms as they come, 
patients are asked to reflect on symptoms they felt in 
the days or weeks prior, which they may forget, misre-
member, or perceive differently based on unrelated life 
factors (recall bias). 
A real-time measure of craving is the Visual Analog 
Score (VAS), a unidimensional Likert scale measure of 
craving intensity; however, this measure has reported 
inconsistent predictive results over time4, and it should 
be supported with other assessments that include psy-
chometric and physiological values5. From a transla-
tional perspective, the lack of quantitative instruments 

and the temporal aspect of data collection, also have 
made operationalizing valid and reliable preclinical 
models to predict human craving especially challeng-
ing6. Cravings in animal studies are exclusively mea-
sured using quantitative measurements, and data are 
collected with instruments that report real-time states7.
Alcohol Craving Questionnaire (ACQ)8 measures crav-
ing during laboratory procedures. It was developed to 
assess craving in real-time9, and it has been validated 
for application in the alcohol cue reactivity paradigm10 
Furthermore, the ACQ subscale measures compulsivi-
ty, expectancy, purposefulness and emotionality11, pro-
viding an index of degree of acute craving, which can 
be associated with the Obsessive-Compulsive Drinking 
Scale (OCDS)5 collected retrospectively.
In the context of AUD human laboratory studies, re-
searchers have utilized some of the conventional clin-
ical biomarkers such as: gamma-glutamyltransferase 
(GGT), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and carbohydrate-deficient 
transferrin (CDT). Outside of traditional clinical lab-
oratory tests, researchers also measure salsolinol, fatty 
acid ethyl esters (FAEE), and ethyl glucuronide (EtG). 
These biomarkers, however, mainly show the cytotoxic 
effects of alcohol on the body (e.g., in the liver, given 
that alcohol-associated liver disease is one of the most 
common alcohol-related organ damage), are not specif-
ic for AUD, and most at all they do not measure craving 
response. Recognizing that craving may result from an 
affective state, researchers have also utilized various 
imaging techniques to evaluate craving, such as fa-
cial electromyography to measure craving in real-time 
during a task12. As AUD is recognized as a brain disor-
der13,14, measurement of craving has been done through 
imaging studies, which have been able to display the 
cue-induced activation of isolated brain structures. For 
example, using positron emission tomography (PET)15 
and functional magnetic resonance imaging (fMRI) 
during a cue-reactivity paradigm16. Recently, real-time 
fMRI has been utilized as an imaging modality used to 
examine craving-related behavior and targeting specif-
ic brain regions involved in alcohol craving17. 
These methods, however, have limitations and cannot 
always produce accurate results. When analyzing facial 
expressions with facial electromyography, individuals 
could make a variety of expressions due to factors that 
are entirely unrelated to the presented cue. Regarding 
imaging techniques, PET scans and fMRI are expen-
sive, place subjects in a more synthetic environment, 
and merely show general activation in the brain (e.g., 
blood oxygen level dependent (BOLD) signal). 
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NEUROENDOCRINE PATHWAYS AND AL-
COHOL CRAVING

Neuroendocrine pathways portray activity within the 
central nervous system (CNS) as the hormones may 
signal to the CNS (often by feedback loop), either di-
rectly or via the peripheral nervous system. Therefore, 
targeting specific hormonal biomarkers before, during, 
and after treatment would be an effective method of 
quantifying and analyzing cravings, especially consid-
ering that they can be collected safely at the peripheral 
level. Utilizing neurobiological markers to assess crav-
ing would be ideal since, theoretically, it would display 
neurobehavioral conditions that could be used to ex-
trapolate the brain’s discordance or homeostasis. Hor-
monal biomarkers are also more accessible and safer to 
acquire in human laboratory studies and can be collect-
ed both to assess real-time response and retrospective 
values. This is particularly valuable in human laborato-
ry studies where the tools to access brain information 
are limited.
Traditionally, one of the most studied neuroendocrine 
systems, especially when applied to treating AUD, 
is the hypothalamus-pituitary-adrenocortical (HPA) 
axis18. For example, in a randomized clinical trial 
(RCT) of naltrexone with patients with AUD, an in-
crease in plasma cortisol levels was associated with a 
lower intensity of craving for alcohol19. The HPA axis 
is highly conserved throughout mammalian phyloge-
ny, which makes the factors, hormones, peptides, and 
neurotransmitters extremely valuable in translational 
research20. 
More recently, there has been interest in the gut-liver-
brain axis as appetite-related neuroendocrine pathways 
may affect alcohol craving. Various studies, including 
randomized controlled trials (RCTs), have provided ev-
idence that food-seeking behaviors and alcohol-seek-
ing behaviors share similar neural pathways21,22. An ex-
ample of a gut-liver-brain axis-related neuroendocrine 
pathway that has been studied in the context of craving 
for alcohol and AUD is ghrelin23, a peptide secreted 
primarily in the stomach that stimulates appetite. 
Preclinical studies have demonstrated that when ghrelin 
levels are increased by exogenous administration in ei-
ther the brain (e.g., ventral tegmental area, VTA)24 or 
peripherally25, the cholinergic–dopaminergic reward 
link was activated in the same way alcohol activated 
it and dopamine concentrations increased. Converse-
ly, the consumption of alcohol reduced ghrelin levels 
much more than the consumption of water26. Human 
laboratory studies found consistent results. One study 
in healthy volunteers revealed that acute alcohol con-
sumption was able to lower the ghrelin level compared 

to water administration26, demonstrating that alcohol 
may have an inhibitory action of ghrelin secretion and 
possible craving response. Similarly, in non-abstinent 
individuals with AUD, ghrelin levels were significantly 
lower compared to healthy controls27 and raised signifi-
cantly when these patients were abstinent28. 
Interestingly, using a retrospective measure of craving 
(OCDS), it was also discovered that plasma ghrelin 
levels were correlated with the increase of craving27. 
This bidirectional relationship established from these 
studies suggests that ghrelin levels within the reward-
ing circuitry may be related to the neurobiological re-
sponse of craving. The first study that assessed alcohol 
craving in real-time using acute intravenous (IV) ad-
ministration of ghrelin showed that it increased alcohol 
craving in individuals with AUD29. This study mea-
sured craving using the VAS, measured in real-time 
during a cue-reactivity procedure in a bar-laboratory 
setting to increase the saliency of the cues in a more 
naturalistic setting.
Ghrelin also interacts with several other hormones that 
could be exploited for measuring cravings. For exam-
ple, in a secondary analysis of the same trial, exoge-
nous IV ghrelin reduced leptin levels in individuals 
with AUD, and those changes were correlated with 
alcohol craving30. Importantly, those changes were spe-
cific only for leptin as other hormones that are secret-
ed from adipocytes (i.e., resistin and visfatin) did not 
change craving response. 
A follow-up study also assessed the role of insulin and 
alcohol craving after IV ghrelin administration31. Insulin 
is released by the pancreas and is responsible for regu-
lating the quantity of glucose in the bloodstream. The 
relationship between insulin and AUD is still under ac-
tive investigation. Alcohol is a drug with stimulant and 
sedative effects, but it is also high in kilojoules without 
delivering any nutritional benefit. The effects of alcohol 
consumption are therefore interlaced with the regulation 
of gluconeogenesis and insulin production, metabolism 
and release32. In this study, after IV ghrelin administra-
tion, insulin serum values were reduced; however, these 
physiological responses had no effect on alcohol crav-
ing. Those results were consistent with a previous study 
that found no relationship between the OCDS (total and 
sub score) and glucose level33. 
The investigation of the role of insulin in alcohol crav-
ing is, however, very active. A preclinical study using 
Drosophila found a potential link between the insulin/
insulin receptor pathway and drinking behaviors34. A 
clinical trial was conducted to investigate this link and 
found that blood insulin levels and OCDS craving were 
strongly and positively correlated35. As a matter of fact, 
more recently, semaglutide, a drug used to treat patients 
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with type-2 diabetes and obesity, has shown promise 
in becoming a treatment option for patients with AUD. 
Semaglutide acts as a glucagon-like peptides (GLP-1) 
receptor agonist, hence increasing the secretion of in-
sulin and reducing the production and secretion of glu-
cagon36. Semaglutide has been shown to reduce both 
the intake of alcohol and relapse-like drinking behav-
iors in mice and rats37,38. In a broader scope of scientific 
literature, a growing body of preclinical literature sug-
gests that semaglutide and other GLP-1 receptor ago-
nists may be effective new drugs for AUD (for review, 
see: 39), yet future RCTs are needed before drawing any 
conclusion40. Of note, the fact that it raises blood insu-
lin levels while decreasing drinking, however, conflicts 
with the conclusions drawn from35 and leads to spec-
ulate that glucagon could be a more useful hormonal 
biomarker for quantifying craving.
Currently, there are several RCTs that evaluate the 
effect of semaglutide on AUD and three of them that 
specifically test the effect of semaglutide with alcohol 
craving as an outcome. All three trials use a self-re-
ported method of quantifying craving, but they do use 
different approaches and instruments. One study has 
the primary objective of determining if semaglutide re-
duces alcohol drinking compared to a placebo and will 
measure craving as a secondary outcome in real-time 
(no assessment specified) by interviewing their partic-
ipants immediately after a cue-reactivity procedure in 
a bar-laboratory setting (NCT06015893). In the next 
study, reducing craving is the primary outcome, and it 
is measured in a longitudinal format using the VAS. The 
researchers do this in a cue-induced procedure, where 
they test craving levels in patients when presented with 
a cue both before and after six weeks of treatment. 
(NCT05892432). The last trial is recruiting individu-
als with AUD and comorbid obesity (NCT05895643). 
The primary outcome of this study is the reduction of 
the number of heavy drinking over 26 weeks. Alco-
hol craving is a secondary outcome measured by the 
PACS. This trial also includes other clinical biomarkers 
that may be used to evaluate craving response and uti-
lizes fMRI to elucidate brain mechanisms. All of these 
studies consider craving to be a component of their pri-
mary or secondary objectives and, thus, could greatly 
benefit from utilizing a hormonal biomarker associated 
with the effect of semaglutide to quantify craving as 
additional exploratory aims. 

CONCLUSIONS 
Craving has become very important in studying and 
assessing AUD as it has now been included in the diag-
nostic criteria (e.g., DSM-5) for alcohol and substance 
use disorders. The lack of quantitative objective mea-

sures has presented challenges in researching it. There-
fore, researchers are trying to develop novel methods 
that hold the promise of objectively and specifically 
quantifying craving in hormonal biomarkers, pending 
future studies that will need to expand and fortify this 
growing line of research. Due to the link between al-
cohol craving and other addiction-related behaviors 
and the neurological pathways within the gut-liver-
brain axis, hormones involved in this cross-talk, such 
as ghrelin, insulin and GLP-1, may help shedding light 
on new methodologies to quantify and predict craving. 
This has been further displayed in research where the 
conditions of the gut-liver-brain axis have been affect-
ed, such as by introducing exogenous IV ghrelin or by 
being probed by a pharmacotherapy that boosts GLP-
1 levels, have also shown changes in alcohol craving 
and drinking behaviors. This is important as craving is 
a criterion for diagnosing AUD and having the ability to 
objectively and effectively quantify craving could pro-
vide addiction clinicians with novel critical information 
regarding the severity of a patient’s condition and, thus, 
be able to provide their patients with more personalized 
and effective treatments. It can also be used by research-
ers to analyze the efficacy of a treatment that is being 
tested in a clinical trial to help people with AUD.
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