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Abstract

Background: Increasing evidence supports a role for appetite-regulating pathways like ghrelin, insulin, and leptin in 
alcoholism. We previously reported that intravenous (i.v.) exogenous ghrelin increases alcohol craving. We also reported 
i.v. ghrelin reduces endogenous serum leptin, whose levels, in turn, negatively correlated with alcohol craving. Exogenous 
ghrelin administration decreases insulin secretion both in vitro and in vivo experiments. This study tested the hypothesis 
that i.v. ghrelin may also decrease endogenous serum insulin levels in alcoholic individuals. Additionally, we explored 
possible correlations between serum insulin and alcohol craving, since a correlation between insulin and alcohol craving 
was previously reported.
Methods: This was a double-blind, placebo-controlled human laboratory study (n = 43). Non-treatment-seeking, alcohol-
dependent, heavy drinkers were randomized to receive i.v. ghrelin or placebo, followed by an alcohol cue-reactivity 
procedure.
Results: There was a main effect for i.v. ghrelin, compared to placebo in reducing serum insulin (P < .05). There was also a time 
effect (P < .001) but not ghrelin x time interaction (P > .05). We did not find a correlation between the reduction of serum insulin 
and alcohol craving (P > .05). The change in serum insulin was consistent with a parallel reduction in serum connective-
peptide in the ghrelin group compared with placebo, although this difference did not reach statistical significance (P = .076). 
No similar effects were found for other glucose-regulating hormones analyzed i.e. glucagon, glucagon-like peptide-1, and 
gastric inhibitory peptide (Ps > .05).
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Conclusions: These findings indicate i.v. ghrelin administration has an effect on reducing serum insulin in alcohol-dependent 
individuals; however, the reduction of insulin did not correlate with changes in alcohol cue-elicited craving. We speculate 
that, unlike for leptin, the interactions between ghrelin and insulin relationship are limited at the peripheral level. However, 
mechanistic studies are needed to investigate this hypothesis.
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Introduction
Increasing evidence supports the role of appetite-regulating 
pathways in addiction (Leggio et  al., 2011; Engel and Jerlhag, 
2014). Among these, recent attention has been paid to the 
potential role of ghrelin in alcoholism. Ghrelin, a 28-amino 
acid (aa) residue peptide produced primarily by the stomach, 
plays a key role in increasing appetite, food intake, and reward 
(Skibicka and Dickson, 2013). Ghrelin also plays a role in alcohol 
reward, alcohol consumption, and other alcohol-seeking behav-
iors in rodents (for reviews, see Leggio, 2010; Engel and Jerlhag, 
2014). A  longitudinal clinical study revealed a positive correla-
tion between blood ghrelin levels and both alcohol craving and 
risk of relapse in alcoholic patients (Leggio et  al., 2012). More 
recently, our group provided direct clinical translational evi-
dence of the role of ghrelin in alcohol craving in heavy-drink-
ing alcoholic individuals by showing that i.v. administration of 
exogenous ghrelin acutely increased cue-induced alcohol crav-
ing (Leggio et al., 2014). Furthermore, both preclinical and clini-
cal work on alcoholism has investigated the appetitive hormone 
leptin (Kiefer et al., 2001, 2005; Hillemacher et al., 2007; Haass-
Koffler et  al., 2015). Leptin has inverse physiological effects 
compared with ghrelin, for example, leptin decreases appetite, 
and reward, whereas ghrelin exhibits opposite roles on these 
behaviors (Elmquist et al., 1998; Traebert et al., 2002). Notably, an 
interaction (“cross-talk”) between ghrelin and leptin in regulat-
ing appetite and reward signaling has been described (Traebert 
et al., 2002; Haass-Koffler et al., 2015).

Insulin is a 51-aa peptide hormone secreted by the pancre-
atic β-cells together with the connective-peptide (C-peptide), a 
31-aa residue cleaved off from proinsulin. It has been hypoth-
esized that ghrelin may have a role in β-cell function disorders 
(for review, see Meyer, 2010). Ghrelin receptors are expressed in 
the human pancreatic β-cell (Granata et al., 2007). However, data 
on the role of ghrelin in insulin secretion are conflicting. For 
example, endogenous ghrelin acts on rat islet β-cells, via calcium 
signaling, and restricts glucose-induced insulin release (Dezaki 
et al., 2004). Exogenous ghrelin administration decreases insulin 
secretion both in vitro β-cell lines (Colombo et al., 2003, Wierup 
et al., 2004) and in vivo in the pancreas of animal models (Egido 
et  al., 2002). However, ghrelin increases insulin secretion from 
glucose-incubated (glucose-stimulated condition) rat pancre-
atic islet cells (Date et al., 2002). Ghrelin increased insulin secre-
tion from the pancreas of both normal and diabetic rat models 
(Adeghate and Ponery, 2002). The effects of ghrelin on insulin 
have not been extensively investigated yet in humans. Indeed, 
the few human data available are conflicting and limited to stud-
ies with healthy volunteers. Specifically, a significant reduction 
in serum insulin levels after an i.v. ghrelin injection was reported 
in 11 male healthy volunteers (Broglio et al., 2001), an observa-
tion not replicated in another study with 8 healthy subjects who 
received an i.v. ghrelin infusion (Lucidi et  al., 2005). Finally, a 
recent study in 12 healthy volunteers indicated that i.v. ghrelin 
inhibited  glucose-stimulated insulin secretion (Tong et al., 2010).

Preclinical studies have shown a role of insulin on dopa-
mine-related reward processing (for review, see Figlewicz, 2003). 

In humans, while moderate alcohol consumption may be pro-
tective against the risk of diabetes (for review, see Liu et  al., 
2008)], heavy drinking has been associated with higher glucose 
levels, therefore increasing the risk of diabetes (Athyros et al., 
2007; Leggio et al., 2009). In alcohol-dependent individuals, a sig-
nificant positive correlation between insulin, C-peptide concen-
trations, and alcohol craving was previously described (Leggio 
et al., 2008).

The present study was aimed at investigating the effects of 
exogenous i.v. ghrelin administration on endogenous serum 
insulin levels in nontreatment-seeking, alcohol-dependent 
heavy drinkers. Consistent with previous work in healthy vol-
unteers (Broglio et al., 2001; Tong et al., 2010), our hypothesis was 
that i.v. exogenous ghrelin administration acutely decreases 
endogenous serum insulin levels. Additionally, we also explored 
if changes in insulin levels correlated with alcohol craving, since 
we previously reported that insulin correlates with craving in 
alcohol-dependent individuals (Leggio et al., 2008). Since insulin 
and C-peptide are coproduced and cosecreted by the β-cells, we 
also measured the C-peptide to confirm our findings with insu-
lin. Our hypothesis was that the results for C-peptide should be 
in the same direction as for those for insulin. Finally, to explore 
if the hypothesized effect of i.v. ghrelin on insulin was specific 
for insulin or nonspecific for other glucose-regulating hor-
mones, we also measured glucagon, as well as the gastrointes-
tinal derived incretin hormones glucagon-like peptide (GLP-1) 
and gastric inhibitory peptide (GIP).

Materials and Methods

Setting

This study was conducted at the Brown University Center for 
Alcohol and Addiction Studies, Providence, RI. The study was 
approved by the Brown University Institutional Review Board. 
The use of synthetic human ghrelin was approved under the 
FDA Investigational New Drug regulations (IND# 109,242). All 
participants signed an informed consent prior to participation.

Summary of the Parent Study

The parent study was a double-blind, placebo-controlled, 
randomized, proof-of-concept human laboratory study 
(ClinicalTrial.gov: NCT01190085). Participants were screened 
and enrolled using the DSM-IV diagnosis of alcohol depend-
ence. According to the NIAAA guidelines, heavy drinking was 
defined as consuming on average ≥4 standard drinks/d for 
women or ≥5 standard drinks/d for men during the 90-day 
period before screening, using the Timeline Follow-Back. 
Individuals with diabetes or obesity (body mass index [BMI] 
>30 kg/m2) were excluded from the study. Forty-five non-treat-
ment-seeking, heavy drinking, alcohol-dependent individuals 
were randomized to three groups (Leggio et  al., 2014). After 
obtaining a breath alcohol concentration of 0.00, an i.v. cannula 
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was inserted in the nondominant arm. To avoid significant 
between-subject variability in the baseline levels of ghrelin and 
other hormones (e.g., insulin and leptin), a fixed light breakfast 
(~700 kJ; approximately 62% carbohydrate, 13% protein, and 
25% fat) (Cummings et al., 2001; Vestergaard et al., 2007; Paulo 
et al., 2008) was served and consumed by all subjects. Thirty 
minutes after breakfast was consumed, exogenous ghrelin was 
administered i.v. over 10 minutes at a dose of either 3 mcg/kg, 
1 mcg/kg, or 0 mcg/kg (placebo). Participants then underwent 
a cue-reactivity procedure, during which they were exposed to 
two trials, where each trial included neutral plus appetitive-
control (juice) cues and then alcohol cues. Urge was measured 
by using either an Alcohol Visual Analogue Scale or a Juice 
Visual Analogue Scale (Rohsenow et al., 2000).

In brief, the parent study showed that there was a significant 
effect of ghrelin 3 mcg/kg vs placebo in increasing alcohol cue-
elicited craving (P < .05). We also found a significant positive cor-
relation between postinfusion blood ghrelin concentration and 
the increase in urge to drink alcohol (P < .05). No similar results 
were found for the juice craving (P > .05). For additional details, 
see (Leggio et al., 2014).

Blood Samples Analysis

Intravenous Ghrelin or placebo was infused as a 10-minute 
bolus. Blood samples for this analysis were collected at the 
following time points: at baseline (-15 min), after the juice 
trial (+23 min), the alcohol trial (+29 min), and postexperiment 
(+48 min). Blood samples were centrifuged and stored at −80°C. 
Serum insulin, C-peptide, glucagon, GLP-1, and GIP levels were 
determined using a fluorescent bead-based Bio-Plex assay (Bio-
Rad, Hercules, CA). Results were expressed as pg/mL.

Data Analytic Strategy

Consistent with a previous analysis we recently reported 
where we investigated the effects of i.v. ghrelin on serum lep-
tin levels (Haass-Koffler et al., 2015), we collapsed the two i.v. 
ghrelin groups (1 mcg/kg and 3 mcg/kg) and compared them 
with placebo. Additionally, we included in the analyses only 
the blood samples collected at baseline (-15 min), during the 
second juice and alcohol trials (+23 and +29 min), and before 
discharge (+48 min). In fact, consistent with our parent study 
(Leggio et al., 2014), the previous analysis we recently reported 
(Haass-Koffler et al., 2015) and with other human laboratory 
studies (Monti et al., 1999) the cue-reactivity procedure indi-
cated stronger elicited craving response during the second 
alcohol trial.

Serum hormones levels were normalized (Sloan et al., 2011) 
to reduce individual and gender-related variability (Werner 
et  al., 2008), evaluated as the change from baseline, and 
expressed as means (M) and standard errors (SEMs). Serum 
insulin had a skewness and kurtosis slightly in excess; conse-
quently, the data were transformed using log transformation 
to improve the nature of the distribution. We included all the 
available data points within the standardized curves. Outliers 
were taken into account consistent with previous recommen-
dations (Tabachnick and Fidell, 2001). The statistical method 
used was repeated-measures ANOVA. The delta (Δ) from base-
line was used to evaluate potential correlations with craving 
scores (Alcohol Visual Analogue Scale or Juice Visual Analogue 
Scale scales) via regression analysis using Pearson’s correla-
tion coefficient. This latter analysis was only conducted with 
the hormones for which a significant i.v. ghrelin effect was 

detected. All statistical tests were 2-sided, and statistical sig-
nificance was accepted if an alpha value P < .05 was obtained. 
SPSS (v.22) (Armonk, NY) was used to conduct the analysis 
and GraphPad Prism (v.5) was used to generate figures (La 
Jolla, CA).

Results

Description of the Sample

Demographics and baseline characteristics are described in 
the parent study (Leggio et al., 2014). The serum insulin values 
of two participants were outside the standard curve and were 
excluded from this analysis, therefore leaving a sample of 43 
subjects. There was no significant difference in the demograph-
ics and basal serum ghrelin levels between groups in the par-
ent study and the sample utilized for this analysis. We found no 
correlation between BMI and baseline serum insulin, C-peptide, 
glucagon, GLP-1, and GIP levels (Ps > .05).

Endogenous Serum Insulin and C-Peptide Levels 
After Exogenous Ghrelin i.v. Infusion

Serum insulin values in the two groups (i.v. ghrelin vs placebo) 
were normalized, log-transformed to produce a normal distribu-
tion, and evaluated as change from baseline (Figure 1A). There 
was a main effect for i.v. ghrelin administration, compared with 
placebo, in reducing serum insulin levels (F1,42  =  4.15, P < .05). 
There was also a significant time effect (F1,42 = 10.88, P < .001) but 
no significant ghrelin by time interaction for this outcome (P > 
.05). Serum C-peptide values in the two groups (i.v. ghrelin vs 
placebo) were normalized and evaluated as change from base-
line (Figure  1B). There was a trend main effect for i.v. ghrelin 
administration in reducing serum C-peptide levels (F1,36 = 3.34, 
P = .076). There was also a significant time effect (F1,36 = 9.23, P < 
.001) but no significant ghrelin by time interaction for this out-
come (P > .05).

Endogenous Serum Glucagon, GLP-1, and GIP Levels 
After Exogenous i.v. Ghrelin Infusion

Serum glucagon, GLP-1, and GIP values were normalized to 
be distributed on the same scale and evaluated as change 
from baseline. There was a significant time effect on glucagon 
(F1,40 = 9.13, P < .001), but no significant ghrelin effect or ghrelin by 
time interaction (Ps > .05). Finally, there were no main i.v. ghrelin 
administration or time effects nor i.v. ghrelin administration by 
time interactions for either GLP1 or GIP (Ps > .05).

Relationship between Serum Insulin Levels and 
Urges to Drink Alcohol or Juice

There was no significant correlation between the change from 
baseline in serum insulin levels and the change from baseline in 
the urge to drink alcohol or urge to drink juice (Ps > .05).

Relationship between Serum Ghrelin and 
Endogenous Serum Insulin Levels

Finally, we assessed whether there was a correlation between 
serum ghrelin and endogenous insulin levels at the time of 
the alcohol trial. We found a negative correlation between 
serum ghrelin and insulin levels at the time of the alcohol trial 
(r41 = -.33, P < .05) (Figure 2).
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Relationship between Endogenous Serum Insulin 
and Leptin Levels After Exogenous i.v. Ghrelin 
Infusion

In our previous study (Haass-Koffler et al., 2015), we had reported 
that i.v. ghrelin, compared with placebo, significantly reduced 
endogenous leptin levels. Based on the findings reported above, 
where i.v. ghrelin reduced endogenous insulin levels and insu-
lin inversely correlated with serum ghrelin levels, we further 
analyzed the leptin-related data. This additional analysis also 
revealed a significant negative correlation between serum ghre-
lin and leptin levels at the time of the alcohol trial (r36 = -.34, P < 
.05) (Figure 3). As such, our final step in this study was to analyze 

potential correlations between serum insulin and leptin levels 
at the time of the alcohol trial. We did not find, however, a cor-
relation between serum insulin and leptin levels at the time of 
the alcohol trial (P > .05).

Discussion

In this study, consistent with our hypothesis, i.v. ghrelin admin-
istration, compared with placebo, significantly decreased serum 
insulin levels. This is the first study in which the effects of exog-
enous i.v. ghrelin administration on endogenous serum insu-
lin levels were assessed in heavy-drinking alcohol dependent 
individuals.
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ghrelin administration, compared with placebo, in reducing serum insulin levels (F1,42 = 4.15, P < .05). There was also a significant time effect (F1,42 = 10.88, P < .001) but 

no significant ghrelin by time interaction for this outcome (P >.05). (B) There was a trend main effect for i.v. ghrelin administration compared with placebo in reducing 
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Log Serum Insulin [pg/ml]
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

400

800

1200

Se
ru

m
 G

hr
el

in
 [p

g/
m

l]

r41 = -.33, P < .05

IV Placebo
IV Ghrelin

Figure  2. Relationship between endogenous serum ghrelin and insulin levels relationship after exogenous i.v. ghrelin infusion. We found a negative correlation 

between serum ghrelin and endogenous insulin levels (r41 = -.33, P < .05) at the time of the alcohol trial. All data are reported M ± SEM, P > .05, NS, not significant.



Haass-Koffler et al. | 5

Copyedited by: OUP

Previous work shows an effect of i.v. ghrelin in reduc-
ing serum insulin levels (Broglio et al., 2001; Tong et al., 2010). 
However, that study was conducted in healthy volunteers, while 
here we employed alcohol-dependent heavy drinkers, a popula-
tion with several associated metabolic disorders (Kim and Kim, 
2012). While we specifically excluded individuals with obesity 
(i.e., BMI > 30) and/or diabetes, it was important to test whether 
the findings observed in healthy volunteers replicated in this 
population of alcohol-dependent heavy drinkers. Although we 
did not obtain blood glucose levels during the experiment, it 
is conceivable that, as insulin levels decreased during the cue-
reactivity experiment, by contrast glucose levels increased. Our 
pharmacological challenge with i.v. ghrelin was hypothesized to 
increase alcohol craving, as we in fact observed and previously 
reported (Leggio et  al., 2014). Additionally, ghrelin administra-
tion increases alcohol-seeking behaviors in rodents, as reported 
by independent laboratories using different animal models 
(reviewed in Leggio, 2010; Engel and Jerlhag, 2014). As such, we 
speculate that hyperglycemic states (including but not limited 
to states of hyperghrelinemia) may be associated with increased 
drinking behaviors. Consistent with this hypothesis, we previ-
ously reported that blood glucose levels correlated with heavy 
drinking levels in alcohol-dependent heavy drinkers (Leggio 
et al., 2009). However, this conclusion is only speculative and is 
limited by the fact that blood glucose levels were not available in 
this experiment and by the fact that we only studied the acute 
effects of i.v. ghrelin; therefore, our results cannot be general-
ized to a chronic condition of heavy drinking. Nonetheless, it is 
important to note that, within the endocrine pathways inves-
tigated here, our results suggest a potential specific effect of 
ghrelin on insulin. In fact, the i.v. ghrelin administration effect 
on reducing serum insulin levels were corroborated by a par-
allel, yet not statistically significant, reduction in the serum 
C-peptide, the endopeptide cleaved off from pro-insulin. By con-
trast, similar results were not found for glucagon, GLP-1, or GIP. 
The reason why the reduction in serum C-peptide levels, unlike 
that for serum insulin, did not reach statistical significance may 
be due to the short duration of i.v. ghrelin administration and to 
the C-peptide half-life (t1/2 = 30 minutes), which is significantly 
longer compared with the insulin half-life (t1/2 = 5 minutes). As 
such, i.v. ghrelin infusion may not have affected C-peptide levels 
as fast as insulin serum level.

Our parent study (Leggio et al., 2014) showed that i.v. ghre-
lin administration resulted in an acute increase in cue-induced 
urge to drink alcohol. During the experiment, there was also a 
significant positive correlation between the postinfusion serum 
ghrelin levels and the increase in urge to drink alcohol. In this 

analysis, while i.v. ghrelin reduced serum endogenous insu-
lin levels, the reduction in insulin did not correlate with the 
increase in alcohol craving. These results are different compared 
to previous findings we reported with leptin. In fact, in the sam-
ple here investigated, i.v. ghrelin acutely decreased endogenous 
serum leptin levels, and changes in leptin levels negatively cor-
related with alcohol craving (Haass-Koffler et al., 2015). In other 
words, i.v. ghrelin reduced both leptin (Haass-Koffler et al., 2015) 
and insulin (present study), and postinfusion serum ghrelin lev-
els were inversely correlated with both leptin and insulin levels. 
However, only leptin significantly correlated with the increased 
alcohol craving during the cue-reactivity experiment. Consistent 
with this observation, we found no relationship between serum 
insulin and leptin levels in this study. Additionally, the observa-
tion that, in our sample, the decrease of serum insulin levels did 
not correlate with the decrease of serum leptin levels further 
suggests that the changes in serum insulin were driven exclu-
sively by the i.v. ghrelin administration, and serum leptin and 
insulin in alcohol-dependent individuals do not act together 
as homeostatic messengers as seen in previous studies with 
healthy individuals (Hallschmid et al., 2004).

Mechanistic studies are needed in order to shed light on the 
interactions of ghrelin with both insulin and leptin. In fact, our 
results are based on correlations and do not establish causality. 
Additionally, it is important to highlight that, while a previous 
study from our group reported a significant positive correlation 
between craving and insulin (Leggio et al., 2008), here we did not 
study the relationship of craving with physiological insulin per 
se. Rather, we investigated insulin serum levels in the context 
of an i.v. ghrelin challenge. Therefore our results on insulin and 
craving do not generalize outside the context of a pharmacologi-
cally induced placebo-controlled status of hyperghrelinemia. 
Additionally, craving measurements were different between the 
two studies. In the previous study, craving was measured using 
a retrospective measure, while here we employed a human labo-
ratory paradigm where craving was measured in real time dur-
ing an alcohol cue-reactivity procedure.

This study has several strengths: (1) it was the first human 
research to evaluate insulin response to an i.v. ghrelin infusion, 
compared with placebo, in heavy-drinking alcohol dependent 
individuals; (2) the ghrelin-insulin relationship was evaluated 
in a strict and well-controlled environment (i.e., real time cue-
elicited craving and controlling for alcohol, food, and smoking); 
(3) i.v. ghrelin dose was calculated based on weight; and (4) nor-
malization of serum insulin at baseline allowed us to account 
for individual variations in peripheral insulin levels, including 
sex-related differences. Limitations of this research study are 
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also important to consider and include: (1) the lack of blood glu-
cose levels during the experiment; (2) the small sample; and (3) 
the short duration of i.v. ghrelin administration. An additional 
consideration is that juice and alcohol cues were presented in 
a fixed order, which may be seen as a limitation. However, the 
use of a fixed order was done to allow for the most conservative 
assessment of alcohol cue-reactivity (Monti et al., 1987; Monti 
et al., 1999; Rohsenow et al., 2000), as previous studies reported 
a general lowering of cue-reactivity to any stimulus presented 
second (Monti et al., 1987). Finally, while a visual analogue scale 
was used to measure craving for alcohol, future larger studies 
might also employ alcohol craving questionnaires able to iden-
tify different phenotypes (Martinotti et al., 2013)

In spite of these important limitations, this study adds 
important novel information to the current literature as it rep-
resents the first human study to investigate the relationship 
between ghrelin and insulin after a pharmacological challenge 
with i.v. ghrelin in a clinically important population of alcohol-
dependent heavy drinking individuals.
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