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Abstract
Alcohol has been associated with alterations 
in gastric motility. The literature identifies that 
various factors play a role in alcohol’s effect on 
gastric emptying including differences in alcohol 
concentration, osmolarity, caloric content, amino 
acids as well as different processing techniques 
(fermentation vs distillation). Additionally, 
chronic alcohol consumption has been shown 
to alter the myenteric nitrergic system resulting 
in impaired gastrointestinal motor function, and 
it also has an inhibitory effect on the release of 
several neurotransmitters that play a key role in 
gastrointestinal motility, including acetylcholine. 
Whether social or limited intake of alcohol could 
have a therapeutic role has not been apparent. 
Serendipitously, we have identified a therapeutic 
role for alcohol with a meal in the entity of dumping 
syndrome (DS) where there is postprandial rapid 
emptying of voluminous and hyperosmolar gastric 
contents into the small bowel. In the clinical setting 
of DS attributed to impaired vagal nerve function, 
there was normalization of gastric emptying and 
resolution of accompanying symptoms when 
drinking a glass of wine before and during meals. 
We propose that alcohol’s anticholinergic effect was 
augmented in the setting of vagal nerve denervation 
resulting in slowing of gastric emptying and in 
alleviation of symptoms of early DS. This review 
article provides an in-depth analysis of the published 
literature on alcohol and gastric motility focusing on 
the accumulated knowledge that may have clinical 
application and relevance.

Case presentation
A 65 year old female presented with abdominal 
pain, bloating, nausea, vomiting and diarrhea 
occurring immediately after meals. These symp-
toms suggestive of dumping syndrome (DS) 
started a few years following a Nissen fundo-
plication for severe gastroesophageal reflux 
disease. A 4-hour gastric emptying study using 
the standardized isotope-labeled Eggbeaters® 
meal (255 kcal) showed 71% emptying at 1 hour 
meeting criteria for DS of >65% emptying by 
1 hour accompanied by early symptoms of DS 
(figure 1). Given her previous history of Nissen 
fundoplication, it was hypothesized that her 
symptoms of DS were most likely caused by 
vagal nerve injury during this surgery. Over 

multiple clinic visits she was treated with 
dietary modification, dicyclomine and glyco-
pyrronium bromide without success and with 
side effects of dry mouth, dry eyes and blurred 
vision. The patient noticed that when she drank 
an 8-ounce glass of red or white wine, specifi-
cally before eating and continuing throughout 
the meal, her DS symptoms were eliminated. 
We subsequently repeated the gastric emptying 
study using the same nuclear medicine method-
ology with the patient drinking an 8-ounce glass 
of wine in her usual fashion. The patient drank 
a glass of Bogle Merlot, a wine she frequently 
drank at home, which is 14.5% alcohol with 
no tannins or other additives noted on the 
label. This resulted in complete normalization 
of gastric emptying, specifically 23% emptied 
at 1 hour without accompanying symptoms, 
compared with 71% emptying at baseline (see 
detailed results of gastric emptying studies in 
table 1 and figures 1 and 2). We theorize that, in 
the clinical setting of DS attributed to impaired 
vagal nerve function, our patient experienced 
normalization of gastric emptying, along with 
normalization of accompanying symptoms of 
DS when drinking a glass of wine. We propose 
that the alcohol’s anticholinergic effect was 
augmented in the setting of vagal nerve dener-
vation, resulting in slowing of gastric emptying 
with subsequent alleviation of symptoms of 
early DS. In this review, we attempt to provide 
an assessment of the published literature on the 
acute and chronic effects of alcohol on gastric 
motility, concentrating on existing accumulated 
knowledge felt to have the most practical clin-
ical relevance and application, while attempting 
to emphasize a new therapeutic direction we 
have recently observed.

In view of this surprising outcome, we have 
endeavored to hypothesize several possible 
explanations for the normalization of gastric 
emptying after a glass of wine. First, the alcohol 
concentration, as well as the type and compo-
sition of alcoholic beverages are important 
factors that affect stomach motility. In general, 
alcoholic drinks can be categorized into three 
different types depending on the alcohol 
content and concentration: beer (~4%–7%), 
wine (~10%–13%) and spirits (~30%–50%).1 2 
Beverages with higher alcohol concentrations 
of >15% have been shown to delay gastric 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2020-001327 on 23 M
ay 2020. D

ow
nloaded from

 

http://jim.bmj.com/
http://orcid.org/0000-0003-3917-7041
http://crossmark.crossref.org/
http://dx.doi.org/10.1136/jim-2020-001436
http://dx.doi.org/10.1136/jim-2020-001436


966 Gonzalez Z, et al. J Investig Med 2020;68:965–971. doi:10.1136/jim-2020-001327

Review

Figure 1  A 4-hour gastric emptying study using an isotope-labeled Eggbeater® meal (255 kcal) showed 71% emptying at 1 hour, 
meeting criteria for DS of >65% emptying at 1 hour. At 2 hours, the study showed 89% emptying, meeting criteria for DS of >80% 
emptying at 2 hours.

Table 1  Gastric emptying studies

30 min 60 min 120 min

Baseline study (% emptied) 52% 71% 89%

With wine (% emptied) 12% 23% 55%

Normal (% emptied) <30% <65% <80%

This table summarizes the gastric emptying results expressed as % isotope 
emptied from the stomach using the same isotope-labeled egg beater meal 
on both occasions. There is a baseline study as well as a repeat study on a 
different day while drinking a glass of wine before and during the same meal 
ingested over a 10 min timeframe. Normal criteria for postprandial gastric 
emptying are included for 30, 60 and 120 min.

emptying and inhibit peristalsis more than those with a 
lower alcohol concentration.3–5 In a study by Lenz et al, 
emptying times were noted to be similar with 5% ethanol, 
5% control and water.6 Additionally, a progressive slowing 
of gastric emptying times was noted for beverages with a 
higher alcohol content: 34 min for 5% ethanol, 42 min for 

10% ethanol and 87 min for 20% ethanol. Our patient typi-
cally enjoyed wine of 14.5% alcohol content with meals.

Second, another mechanism by which alcohol may affect 
gastrointestinal (GI) motility is that alcoholic beverages 
also contain different non-alcoholic elements that exert 
different physiological effects on gastric emptying. For 
example, hundreds of compounds, additives, impurities, 
flavor and aromatic ingredients have been identified in 
different alcoholic beverages, including in wine.7 8 Some 
of these ingredients are calorically and osmotically active 
and may be responsible for some of the inhibitory effects 
imposed on gastric emptying such as added glucose, amines 
and L-amino acids.9

Third, alcoholic beverages differ by type and concen-
tration and they vary by how they are produced—either 
by fermentation or distillation or both—and different 
processing techniques also result in distinctive effects on gut 
motility. For example, beer is produced by fermentation of 
high-carbohydrate foods, wine is produced by fermentation 
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Figure 2  Repeat 4-hour gastric emptying study with the patient drinking a glass of red wine right before and during ingestion of the 
meal over approximately 10 minutes resulted in complete normalization of gastric emptying, specifically 23% emptying at 1 hour and 55% 
emptying at 2 hours—along with resolution of accompanying symptoms of dumping syndrome.

of grapes, and spirits are produced by distillation of ethanol 
after fermentation.2 These different processing techniques 
have been proposed to play a role in the inhibitory effects 
that alcohol has on gut motility. Fermentation alone 
has been shown to stimulate the release of gastrin which 
promotes gastric motility thereby accelerating gastric 
emptying.9 Fermentation followed by distillation results in 
loss of this stimulatory effect because the latter distillation 
process leads to the loss of this stimulatory gastrin effect.

A fourth possible mechanism that might explain the 
impaired effect that ethanol has on gastric motility is its 
inhibitory effect on the release of several neurotransmit-
ters in the GI tract, including that of acetylcholine.10–12 
Acetylcholine is a neurotransmitter that plays a key role in 
promoting GI motility by acting on the GI smooth muscle. 
Less acetylcholine reduces smooth muscle contractions 
which results in decreased motility of gastric and small intes-
tinal muscle.13 Reduced smooth muscle contractions in the 
stomach consequently results in a less effective ‘peristaltic 
pump’ in the antrum of the stomach that helps drive chyme 
into the small intestine. This is relevant to the patient we 
described who had an accidental vagal nerve damage during 
a Nissen fundoplication for gastroesophageal reflux, and 
therefore had a decreased cholinergic drive. In this unique 

setting, the addition of a further anticholinergic effect by 
alcohol’s mechanism related to a single glass of wine of 
14.5% alcohol concentration could have profoundly slowed 
gastric emptying and alleviated early symptoms of dumping 
resulting from rapid emptying of food from the stomach 
into the small intestine.

Review on the effect of alcohol on gastric 
motility
The ramifications of chronic alcohol consumption on 
the digestive tract have been well studied, and its associ-
ation with various GI pathologies well established, which 
include toxic consequences on the esophagus, liver and 
pancreas.14 15 However, not as much attention has been 
paid to the different effects that alcohol has on gastric 
motility and gastric emptying (Box 1). A literature review 
on this subject revealed scant and inconsistent results with 
some studies noting accelerated gastric emptying,16 others 
describing delayed emptying in both humans17 18 and 
animals19 and others showing no real difference (Box 2).20 21 
Contributing factors to the confounding interpretation of 
these studies could be attributed to differences in exper-
imental techniques including different test meal variables 
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Box 1  Factors in alcohol that exert different effects 
on gastric emptying

Factors in alcohol that exert different effects on 
gastric emptying
Osmolarity

►► Higher osmolarity in alcoholic beverages has been 
found to be more inhibitory of gastric emptying.22

Concentrations
►► Higher alcohol concentrations over 15% have been 
shown to be more inhibitory of gastric motility, whereas 
beverages with a lower alcohol concentration accelerate 
gastric emptying.

►► Higher alcohol concentrations (ie, pure ethanol) 
does not cause release of gastrin whereas alcoholic 
beverages with a lower ethanol content (beer and wine) 
are strong stimulants of gastrin release and gastric acid 
secretion.55 Of note, gastric acid secretion is influenced 
by several factors including pH, osmotic activity, caloric 
value and volume of the infusate. Thus, the fact that 
beverages with a lower alcohol content stimulate 
the release of gastrin, whereas pure alcohol does not 
suggests that this response is mostly mediated by non-
alcoholic components.55

Different processing techniques
►► Fermentation alone (ie, wine, beer) has been shown 
to promote slower gastric emptying compared with 
distillation techniques.

Different non-alcoholic elements may exert different 
physiological effects on gastric emptying

►► Additives, impurities, glucose, amines, L-amino acids, 
flavor and aromatic ingredients.

Inhibitory effect on the release of neurotransmitters 
involved in GI motility

►► Acetylcholine(ethanol has an inhibitory effect on the 
release of acetylcholine; less acetylcholine reduces GI 
motility).

Box 2 S ummary of controversies regarding gastric 
motility and alcohol consumption

Controversies on effects of alcohol on gastric 
motility:
Delayed gastric emptying.16

Accelerated gastric emptying.17–19

No significant difference.20 21

Contributing factors to the confounding interpretation of different 
studies could be related to differences in experimental techniques 
(ie, different test meal variables as well as differences in alcohol 
osmolarity, energy content, and hydrogen ion concentrations) —
all of which have been shown to delay gastric emptying.

as well as differences in alcohol osmolarity22 volume and 
energy content,23 and hydrogen ion concentrations24—all of 
which have been shown to delay gastric emptying . Certain 
amino acids contained in various alcoholic beverages have 
also been shown to delay gastric emptying.25–29 Moreover, 

both solids and liquids with a greater weight and kilocalorie 
content are associated with longer emptying times,30 and 
higher osmolarity solutions have been shown to be more 
inhibitory to gastric emptying.22 Contrary to this, some 
studies have shown that the inhibitory effects of red wine, 
beer and ethanol on gastric emptying does not depend on 
the caloric content of meals and is not dose-dependent 
when given in concentrations of 10% or less.2 4 . Further-
more, in the aforementioned studies showing that ethanol 
accelerates gastric emptying,4 16 the control solution was 
adjusted to match that of the alcohol-containing beverages 
by adding hyperosmolar glucose and/or NaCl in order to 
delay gastric emptying. Another possible explanation as to 
why these studies concluded that ethanol accelerates gastric 
emptying is that alcohol has a low osmotic pressure and a 
high diffusion capacity allowing it to easily pass through the 
GI barrier. Also, the presence of alcohol dehydrogenase in 
the gastric mucosa aids in its initial metabolism.2 3 31 These 
unique features of alcohol can be misleading as one cannot 
rely on blood levels of alcohol to indicate reliable gastric 
emptying.

). A literature review on this subject revealed scant and 
inconsistent results with some studies noting accelerated 
gastric emptying,16 others describing delayed emptying 
in both humans17 18 and animals19 and others showing no 
real difference (Box  1).20 21 Contributing factors to the 
confounding interpretation of these studies are differences 
in experimental techniques including different test meal vari-
ables as well as differences in alcohol osmolarity22 volume 
and energy content,23 and hydrogen ion concentrations24—
all of which have been shown to delay gastric emptying . 
Certain amino acids contained in various alcoholic bever-
ages have also been shown to delay gastric emptying.25–29 
Moreover, both solids and liquids with a greater weight 
and kilocalorie content are associated with longer emptying 
times,30 and higher osmolarity solutions have been shown to 
be more inhibitory to gastric emptying.22 Contrary to this, 
some studies have shown that the inhibitory effects of red 
wine, beer and ethanol on gastric emptying does not depend 
on the caloric content of meals and is not dose-dependent 
when given in concentrations of 10% or less.2 4 . Further-
more, in the aforementioned studies showing that ethanol 
accelerates gastric emptying,4 16 the control solution was 
adjusted to match that of the alcohol-containing beverages 
by adding hyperosmolar glucose and/or NaCl in order to 
delay gastric emptying. Another possible explanation as to 
why these studies concluded that ethanol accelerates gastric 
emptying is that alcohol has a low osmotic pressure and a 
high diffusion capacity allowing it to easily pass through the 
GI barrier. Also, the presence of alcohol dehydrogenase in 
the gastric mucosa aids in its initial metabolism.2 3 31 These 
unique features of alcohol can be misleading as one cannot 
rely on blood levels of alcohol to indicate reliable gastric 
emptying.

Other studies have demonstrated that it is the concen-
tration and type of alcoholic beverage that exerts different 
effects on gastric emptying. For example, alcoholic bever-
ages produced by fermentation alone such as red wine and 
beer have been shown to have a slower gastric emptying 
compared with alcoholic beverages produced by distilla-
tion.9 Indeed, beverages with a higher alcohol concentra-
tion over 15% have been shown to inhibit gastric motility 
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Figure 3  Proposed mechanisms of acute vs chronic alcohol intake on gastric motility.

to a greater degree, whereas beverages with a lower alcohol 
concentration such as beer and wine, accelerate gastric 
emptying more.5 Therefore, the effects of ethanol on gastric 
motility are complex, multifactorial and depend on several 
factors including the type of alcoholic beverage, the concen-
tration of alcohol as well as different processing techniques.

Motility of the stomach is mediated by motor neurons 
embedded in the myenteric plexus, an intricate bundle of 
nervous tissue found between the circular and longitudinal 
muscle layers in the stomach wall. There is some evidence 
that alcohol-induced motility disturbances are caused 
by the effect that alcohol has on the nitric oxide (NO) 
system.32–34 NO is a non-adrenergic, non-cholinergic inhib-
itory neurotransmitter that has been shown to play a critical 
role in GI smooth muscle motility, secretion, digestion and 
absorption.35 NO is produced by the enzyme nitric oxide 
synthase (NOS), which is localized in gut nerve endings in 
the gut myenteric plexus. NO is mostly present in inhibitory 
motor neurons and causes relaxation of gut smooth muscle. 
Some studies in mutant mice lacking neuronal NOS have 
been shown to have severe intestinal dysfunction, and that 
NOS inhibitors delayed gastric emptying.36 Other studies 
have suggested that NO may play a role in alcohol-related 
GI motility disorders.32 34 In a study by Bagyánszki et al, 
chronic alcohol consumption in rats resulted in a signifi-
cant increase in NO synthesis by jejunal myenteric neurons, 
and the authors postulated that this NO overproduction 
might play a role in delaying gastric emptying and intes-
tinal transit.32 These same authors previously showed that 
chronic alcohol use in mice resulted in a decreased number 
of nNOS-containing myenteric neurons which subsequently 
resulted in decreased gastric motility in mice.31

Ethanol, along with many of its non-alcoholic metabolites 
exerts both direct and indirect effects on gut motility, perme-
ability and absorption.37 Alcohol’s high diffusion capacity 
and low effective osmotic pressure allows it to diffuse easily 
across the GI mucosa where first pass metabolism and 
oxidation of ethanol begins by the enzyme alcohol dehydro-
genase found in the gastric mucosa.38 39 The acute ingestion 
of alcohol has been shown to decrease stomach contractility 
by acting on both the local smooth muscle and the enteric 

nervous plexus.31 40 Reduced synthesis of smooth muscle 
contractile proteins has been observed in rats after both 
acute and chronic alcohol intake.41 42 On the other hand, 
chronic alcohol ingestion may accelerate gastric emptying43 
(figure 3). Izbéki et al investigated chronic alcohol ingestion 
in rats for two different lengths of time (10 days, 30 days), 
and demonstrated that alcohol administered over a longer 
period of time accelerated gastric emptying compared with 
rats who used alcohol for a shorter period of time.43

There is a widely held belief that having a glass of wine 
or a cocktail before and with dinner helps with digestion. 
While imbibing to levels of intoxication slows gastric 
emptying, there is evidence supporting the use of alcohol as 
an aperitif to aid in digestion. A study performed by Hein-
rich et al examined this widely held social norm by having 
20 volunteers eat a standardized high fat meal of cheese 
fondue and randomized them to either a glass of white wine 
or a cup of black tea beforehand. They examined the effect 
on gastric emptying and abdominal symptoms and showed 
that gastric emptying was noticeably slower and appetite 
was suppressed with higher doses of alcohol and that this 
effect was not associated with any dyspeptic symptoms.6 
Other studies have shown mixed results regarding alcohol 
intake with some studies showing alcohol to increase appe-
tite and others showing no effect. Certainly, this varies 
depending on the type of alcohol and the dose and more 
controlled studies would be needed to better understand 
this phenomenon.

As we now better understand the effects of alcohol on 
gastric motility, we can attempt to evaluate if there may be a 
clinical application for alcohol for specific patient settings. DS 
is a condition characterized by postprandial rapid emptying 
of voluminous and hyperosmolar gastric contents into the 
small bowel. DS is associated with vagal nerve injury related 
to diabetes mellitus or previous gastric surgeries such as a 
Nissen fundoplication for gastroesophageal reflux. In some 
idiopathic cases, vagal nerve damage secondary to a gastro-
enteritis illness has been hypothesized. Early DS symptoms 
occur within 30 min after meals and include nausea, abdom-
inal pain, diarrhea and sometimes vomiting. Uncontrolled 
DS can result in fear of eating, weight loss and malnutrition. 
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Serendipitously, as previously described, we made an obser-
vation of a patient with DS experiencing normalization of 
gastric emptying along with complete resolution of accompa-
nying symptoms of DS when drinking a glass of red or white 
wine before and during meals.

In retrospect in our patient, all of the possible mechanisms 
inhibiting gastric emptying may have been magnified by the 
fact that there was underlying vagal nerve damage resulting 
from injury to the vagus nerve from a previous Nissen fundo-
plication, which resulted in the development of DS through 
loss of accommodation of the gastric fundus. Therefore, the 
vagus nerve was already impaired and had diminished func-
tion. Hence, further inhibitory perturbations by one or more 
of factors induced by drinking a glass of wine resulted in an 
exaggerated inhibitory effect on her gastric emptying, thus 
resulting in restoration of normal gastric emptying and resolu-
tion of the accompanying symptoms, a unique outcome docu-
mented in this patient. The alcohol concentration of 14.5% 
in the glass of merlot the patient drank is essentially at the 
15% threshold often quoted as inhibiting gastric motility. In 
the setting of vagal denervation, this alcohol concentration 
further augmented a net anticholinergic effect and markedly 
slowed gastric emptying restoring it to the normal rate.

With respect to wine, some studies show that red wine 
results in slower emptying of the stomach compared with other 
corresponding ethanol beverages in healthy adults.20 44–46 A 
study by Kasicka-Jonderko et al showed that rates of gastric 
evacuation of a solid meal followed by intake of different 
alcoholic beverages was directly proportional to the potency 
of the alcoholic beverage, with slower gastric emptying more 
pronounced in alcoholic beverages with a higher concen-
tration (43.5% whiskey >13.7% red wine >4.7% beer).45 
Franke et al showed that the inhibitory effect of red wine 
resulted in prolonged gastric emptying rates comparable to 
strong alcoholic drinks such as gin and whiskey.44 On the 
other hand, a study by Moore et al comparing the effects of 
pure red wine (9.5 g/dL) on gastric emptying with modified, 
‘dealcoholized’, isocaloric red wine (ethanol components 
were exchanged by isocaloric medium-chained triglycerides 
resulting in reduced mean ethanol concentration to 1.312 g/
dL) showed no significant difference in the gastric emptying 
rate of normal wine compared with the ‘dealcoholized’ red 
wine.20 The effect seen in this study has been postulated to 
be a result of additive effects of other ingredients found in 
alcohol (i.e. tannins and others).44

Endorsing social alcohol intake with meals has to be 
tempered with current research indicating that individuals 
who consume 50 g or more (3.5–4 drinks) daily have at least 
a two to three times greater risk of developing head and neck 
cancers than non-drinkers and women who drank >45 g of 
alcohol per day (approximately 3 drinks) had 1.5 times the 
risk of developing breast cancer as non-drinkers (a modestly 
increased risk).47 48 However, the latest Centers for Disease 
Control and Prevention guidelines still deem that a drink 
or two a day is relatively safe and might even be beneficial 
through the actions of antioxidant compounds such as poly-
phenols such as resveratrol.49–51

Future research considerations
The presented observations point toward potential thera-
peutic effects of alcohol in the relief of DS. In addition to 

dietary modifications (smaller, more frequent meals with 
separation of solid and liquid contents) and pharmacolog-
ical interventions currently recommended for DS, future 
directions might entail studies investigating gastric motility 
effects of different alcoholic beverages to see if this treat-
ment approach truly provides a safe and therapeutic effect 
in these patients - specifically in the group where DS is 
attributed to vagal nerve damage. It is also important to be 
aware of the many factors that control gastric emptying and 
consequently influence alcohol absorption. For example, 
there are significant intraindividual and interindividual 
variations when it comes to the magnitude and timing of 
intoxication after the ingestion of certain quantities of 
alcohol. These variations are extremely complex when 
you also take into account the development of tolerance as 
well as the different rates of absorption and metabolism of 
different alcoholic beverages in subjects who are alcohol-
naïve compared with chronic alcoholics.52 And because the 
rate of alcohol absorption depends on the rate of gastric 
emptying, gastric motility changes are also an important 
factor to consider in the degree of inebriation reached 
after ethanol consumption.52 Additionally, consideration of 
psychological and behavioral factors are important compo-
nents to consider in future research to better understand an 
individual’s response to alcohol consumption. For example, 
studies have shown that individuals display less social 
anxiety53 and more aggressive interpersonal behavior54 
despite the actual content of alcohol in a drink. All in all, 
alcohol effects on gastric motility are extremely complex 
with physiological, psychological, social and biological 
variables to consider, in addition to differences in alcohol 
concentration, content and processing techniques.

We believe that in undertaking this review of alcohol’s effect 
on gastric motility and gastric emptying, we have unmasked 
a heretofore unrecognized and possible therapeutic role for a 
socially acceptable small intake of wine, specifically in indi-
viduals where DS resulted from a vagotomy or vagal nerve 
damage. In this specific setting where we serendipitously iden-
tified a therapeutic role for drinking a glass of wine before and 
during meals, we suggest patients go ahead and indulge their 
gustatory pleasures and enjoy a glass of wine with meals—and 
maybe ‘voilà’ that will do the trick.
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